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ABSTRACT 


A greenhouse investigation was conducted to assess the effects of waste 
sulphite liquor solids (W.S.L.S.) on crop yields and on some chemical and 
physical properties of an Interval silt loam soil. The oo of oats and 
Italian ryegrass to nitrogen applied as ammonium sulphate served as a 
standard for evaluating the 3 per cent nitrogen contained in the ammonium- 
base W.S.L.S. 


Significant increases in yields of oats and ryegrass resulted from ammonium 
sulphate- -nitrogen at rates of 60 and 120 lb. per acre respectively. W.S.L.S. 
at 2 tons per acre, supplying 120 lb. per acre of nitrogen, gave increases of a 
similar magnitude. Higher rates of W.S.L.S. gave additional increases in 
yields. The nitrogen content of the two crops was increased by applying 
W.S.L.-nitrogen at 480 Ib. per acre. Ammonium-sulphate nitrogen at 60 lb. 
per acre and W.S.L.-nitrogen at 120 lb. per acre increased the total nitro- 
gen uptake by oats and ryegrass. 

W.S.L.S. increased the organic matter content, cation exchange capacity 
and exchangeable hydrogen of this alluvial soil. Ammonium sulphate- 
nitrogen at 120 lb. per acre and W.S.L.S. at 2 tons per acre or more depressed 
soil pH. 


Additions of W.S.L.S. increased the percentage of water stable aggregates 
but did not affect the moisture equivalent. 


INTRODUCTION 


A commonly used method for processing wood pulp for paper manu- 
facture involves digestion with a sulphite solution. In this process the 
lignin is rendered soluble and the cellulose remains as a residue. The 
spent liquor, which consists mainly of lignin-sulphonates and carbohydrates 
is commonly referred to as waste sulphite liquor. 

Recently one of the pulp and paper companies in this area has altered 
its manufacturing process whereby the original by-product, a calcium-base 
liquor, has been replaced by an ammonium-base liquor containing 3 per 
cent nitrogen in the dried solids. 


The object of the present study was to evaluate this product as a 
source of nitrogen by comparing it with ammonium sulphate-nitrogen 
and to determine its effects on some chemical and physical soil properties. 
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MATERIALS AND METHODS 


The surface layer of an Interval silt loam, an immature alluvium, 
was used for this greenhouse investigation. The soil was air-dried, screened 
through a half-inch mesh and placed in glazed gallon pots on a weight 
basis. Fertility treatments consisted of ammonium sulphate-nitrogen 
at rates of 0, 15, 30, 60 and 120 pounds per acre and waste sulphite liquor 
solids (W.S.L.S.) at 0.25, 0.50, 1, 2, 4, 8 and 16 tons per acre supplying 
15, 30, 60, 120, 240, 480 and 960 pounds of nitrogen per acre respectively. 
Phosphorus (POs) and potassium (K;O) were each applied at a rate of 200 
pounds per acre. Ammonium sulphate and W.S.L.S. treatments were 
mixed with the soil; phosphorus and potassium were applied in a band 
at a depth of 2 inches. Two separate crops, oats and Italian ryegrass, 
were planted on January 15, and, following germination, were thinned to 
8 and 20 plants per pot respectively. A randomized block design with 
six replications was employed for each group. The two crops were har- 
vested on May 9. Plant samples were ground in a Wiley mill. The ni- 
trogen content of the crops was determined by the Kjeldahl method (1). 
Soil pH, organic matter, exchangeable hydrogen and cation exchange 
capacity were determined as outlined by Peech et al. (3). The wet 
sieving technique of Yoder was employed for aggregate analysis (4). 
The method of Briggs and McLane was used for the determination of 
moisture equivalent (2). 


RESULTS AND DISCUSSION 
Effect of W.S.L.S. on Yields and Nitrogen Uptake 


Yields and uptake of nitrogen are showr i: Table 1. Yields of grain 
and oat straw were increased by ammonium suiphate-nitrogen at 60 pounds 
per acre. Comparable yields were obtained with 120 pounds of W.S.L.- 
nitrogen and additional increases were obtained at higher rates. In 
general ryegrass gave progressive responses up to the highest rate of each 
source. 

Total uptake of nitrogen is used rather than nitrogen contents as a 
basis for evaluating the W.S.L.S. because, embracing both yield and 
nitrogen, it gives a more complete picture of the nitrogen-supplying capacity 
of the material. It should be noted, however, that nitrogen content of the 
crops was increased by the 480- and 960-pound rates of W.S.L.-nitrogen. 
Based on the data for yield and nitrogen uptake it is estimated that the 
W.S.L.-nitrogen is 60 to 80 per cent as available as ammonium sulphate 
nitrogen. The results suggest that the availability of the W.S.L.-nitrogen 
is limited however by the low soil pH (Table 2) resulting from additions 
of this material. It is possible, therefore, that liming to maintain the soil 
pH at the required level might accelerate mineralization and materially 
increase the availability of the nitrogen contained in this material. 

Effect of W.S.L.S. on Soil Properties 

The effects of W.S.L.S. on soil chemical and physical properties are 
shown in Table 2. W.S.L.S. increased the organic matter, exchange 
capacity and exchangeable hydrogen and reduced the pH. The high 
degree of correlation (+0.995) between exchange capacity and organic 
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matter content where W.S.L.S. was applied suggests that the increase in 
exchange capacity is the direct -esult of the contribution of this material 
to the exchange complex. The data show, however, that the mean per 
cent organic matter and exchange capacity of the soil are higher under 
ryegrass than under oats. It was observed that the root system under 
the ryegrass was much more extensive and for this reason must have 
contributed more to the organic residue. This could account for the higher 
per cent organic matter and exchange capacity. It follows, therefore, 
that within crops a portion of the increase in organic matter and exchange 
capacity can be accounted for by the increased growth due to treatment. 
It might be noted here that the observed increase in exchange capacity 
may represent only the net increase. Since the adsorption of large organic 
molecules on the soil colloid may block some existing exchange sites, the 
observed increase, therefore, may represent only a portion of the exchange 
capacity of the material adsorbed. 

The greater pH depression under ryegrass may also be accounted for 
by the more extensive root mass. Under greenhouse conditions the rate 
of decomposition would be expected to be high. Accordingly, the greater 
pH depression may have resulted from the initial formation of organic 
acids. Although the increase in the exchange capacity was accompanied 
by a corresponding increase in exchangeable hydrogen, there was no 
measurable change in per cent base saturation. 

W.S.L.S. at about 4 tons per acre increased the aggregate stability 
of the soil. Higher rates had no additional effect on this well aggregated 
soil. It will be noted that aggregation is lower under ryegrass. The 
probable explanation for this is the fact that on account of the more ex- 
tensive root system the ryegrass soil required harsher treatment when 
being prepared for aggregate analysis. W.S.L.S. had no effect on the 
moisture equivalent. Probably a much greater increase in per cent organic 
matter would be required in order to be reflected in a higher moisture 
equivalent. 
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ABSTRACT 


Ammonium-base waste sulphite liquor (solids) (W.S.L.S.) was added to 
three soils and incubated for 7 weeks. Weekly measurements of organic carbon 
content and aggregation showed an increase in aggregation to a maximum 
at 3 weeks, followed by a decline and then by a second increase at 6 weeks. 
This increase and decline in aggregation paralleled very closely the corres- 
ponding biological activity as indicated by loss of organic carbon. Results 
suggest that decomposition of sugars is responsible for the development of 
aggregation in the early stages of incubation and that the ligninsulphonates 
may have an effect after further incubation. 

The aggregating effect of W.S.L.S. was compared with that of two synthetic 
conditioners HPAN and VAMA. The effect of all materials varied consider- 
ably with the clay content of the soil. Results indicate that W.S.L:S. is 
about 1/16 as effective as HPAN and about 1/36 as effective as VAMA. 


INTRODUCTION 


In a project described in Paper I, designed to study the availability 
to crops of the nitrogen contained in waste sulphite liquor solids (W.S.L.S.), 
it was observed that this material had a considerable stabilizing effect 
on an already well aggregated soil. It was decided, therefore, to make a 


further study of this material as a soil aggregating agent. 


The stabilizing effect of waste sulphite liquor on soil aggregates has 
been demonstrated by a number of workers (1, 8). In their study of calcium- 
and ammonium-base liquors, Sowden and Atkinson (8) concluded that the 
aggregating effect is a direct one and not the result of compounds formed 
by bacterial or chemical action. Alderfer and Sharp (1) on the other hand, 
claim that waste sulphite liquor, when added to soil, produces the same 
effect as any organic material and that only a small stabilizing effect is 
produced by the gluing action of the material itself. Martin and Aldrich 
(4) used ammonium ligninsulphonates alone and found that they had a 
small initial effect which increased on incubation, indicating dependence 
upon microbial activity. Alderfer and Sharp (1) have made some 
qualitative studies regarding the aggregating effect of sulphite liquor as 
compared with synthetic soil conditioners. However, no quantitative 
information pertaining to the relative effectiveness of these materials is 
available. 

A project was conducted in the greenhouse to study (a) the develop- 
ment of soil aggregate stability as the decomposition of applied W.S.L.S. 
progresses, and (b) the soil-aggregating effect of W.S.L.S. as compared 
with two synthetic compounds, HPAN and VAMA, which have been used 
widely as soil conditioners. 
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_ Figure 1. Aggregation and organic carbon content of WSLS-treated soil vs. time 
of incubation. 


MATERIALS AND METHODS 


The soils, all in a relatively low state of aggregate stability, were: 1) 
a sandy loam; 2) a poorly drained silty clay loam; 3) a silty clay subsoil. 

The soils were air-dried, passed through a 2-mm. screen, mixed thor- 
oughly with 0, 0.2,0.4, 0.8 and 1.6 per cent ammonium-base waste sulphite 
liquor solids (W.S.L.S.) and placed in 1-pint clay pots. The treated svils 
were sampled for aggregate analysis and for determination of organic carbon, 
then watered to 80 per cent of their moisture equivalents and brought to 
these moisture contents weekly by additions of water. In order to avoid 
disturbance of the soils by sampling, 8 pots of each treatment were 
prepared. The treatments were replicated six times. Samples for aggre- 
gate analysis and determination of organic carbon were taken at weekly 
intervals over a period of 7 weeks, the loss of carbon being used as a measure 
of the decomposition of W.S.L.S. 





CANADIAN JOURNAL OF SOIL SCIENCE [Vol. 39 

To measure the aggregating effect of the sulphite liquor solids in 
relation to that of some synthetic conditioners and to observe the direct 
effect of sulphite liquor solids without incubation, a second series of 
treatments was prepared. The synthetic conditioners used were: 1) a 
salt of a hydrolyzed polymer of polyacrylonitrile (HPAN), and 2) a vinyl 
acetate maleic acid copolymer (VAMA). The synthetic conditioners were 
applied at 0, 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30 per cent; the sulphite 
liquor solids at 0, 0.4, 0.8, 1.2 and 1.6 per cent. After thorough mixing, 
the soils were saturated with water, stirred to a completely puddled con- 
dition and dried rapidly, by means of a fan, at a temperature of approxi- 
mately 25° C. 

Organic carbon was determined by the wet combustion method out- 
lined by Peech et al. (6). For aggregate analysis, the air-dry soils were 
passed through a screen with a half-inch mesh and analysed by the method 
of Yoder (9). Mechanical analysis was made by the hydrometer method 
of Bouyoucos (2). 


RESULTS AND DISCUSSION 


The development of aggregate stability with the corresponding loss 
of organic carbon is shown for the 1.6 per cent rate of W.S.L.S. in Figure 1. 
The initial increase in aggregation for about 3 weeks followed by a decline 
paralleled or lagged slightly behind the microbial activity as indicated by 
loss of carbon. The increase and decline in aggregation are remarkably 


similar to the results obtained by Browning and Milan (3) for readily 
decomposable material, suggesting that decomposition, probably of the 


sugars, is responsible for the increase in aggregate stability. This suggestion 
is supported by the fact that no increase occurred in the W.S.L.S.-treated soils 
when they were dried rapidly to prevent incubation (Table 1). Further 
evidence is provided by the work of Peele (7) who found that aggregate 
stability increased when sucrose-treated soils were incubated, but showed 
no change when the soils were dried rapidly or kept under aseptic con- 
ditions. The second increase in aggregation after 6 weeks of incubation, 


TABLE 1.—SOIL-AGGREGATING EFFECT OF W.S.L.S., HPAN anp VAMA WHEN DRIED 
RAPIDLY TO PREVENT INCUBATION 





Percentage of aggregates > 0.25 mm. 
Treatment (mean of 4 replications) 


(per cent of sample) 


Sandy loam 





Silty clay loam Silty clay 


Check 35.9 
W.S.L.S. ‘ 34.0 
W.S.L.S. } 33.8 
W.S.L.S. ‘ 36.3 
W.S.L.S. ‘ 32.0 
HPAN .05 41.3 
HPAN ; 45.6 
HPAN as 51.1 
HPAN 57.2 
HPAN .2! 85.4 


17. 
17. 


HPAN 
VAMA 
VAMA 
VAMA 
VAMA 
VAMA 
VAMA 


88. 
34. 
36. 
41. 
46. 
59 
56. 
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TABLE 2.—RELATIVE AGGREGATING EFFECTS OF W.S.L.S., HPAN ano VAMA 





| Increase in % aggregates > 0.25 mm. for 

Soil aa each 0.1 increment in % conditioner 
clay _— 
W.S.L.S. HPAN | VAMA 





Silty clay loam g ; 16 60 


Silty clay 2 28 


Sandy loam 5 19 | 9 


69 


although statistically significant, occurred so close to the end of the in- 
cubation period that no observation could be made regarding its duration 
and no conclusion can be drawn as to its cause. It does suggest, however, 
that the more resistant components of the W.S.L.S. decompose later in the 
incubation process. That these constituents may be ligninsulfonates is 
suggested by the observation of Martin and Aldrich (4) who found that 
ligninsulfonates alone produced very little aggregation after 50 days of 
incubation but had a marked effect at the end of 200 days. 


It is concluded that waste sulphite liquor is dependent upon micro- 
bial activity for its aggregating effect and it is suggested that two com- 
ponents of the material ire responsible for aggregation, the easily decom- 
posable sugars in the early stages of incubation and the more resistant 
ligninsulphonates at later stages. 


Since the cementing action of sulphite liquor appears to depend on 
microbial activity and since it is the opinion of some workers (5) that 
cementing agents produced through the action of micro-organisms are 
themselves subject to biological attack, it is considered highly probable 
that the aggregating effect of this material is temporary. 

The aggregating effects of W.S.L.S., HPAN and VAMA are plotted 
in Figure 2. The relative effects of the three materials are summarized in 
Table 2 and are calculated for HPAN and VAMA from the regression 
coefficients of the response curves (Figure 2). Where the responses were 
not linear for all rates of a particular treatment, approximate values were 
calculated from the linear portion of the curves. Since the aggregating 
effect of the sulphite liquor varied with time, the values presented in 
Figure 2 are estimates calculated from the means of the aggregation data 
for the period from the 3rd to the 6th weeks inclusive. 


Response to treatment varied considerably between soils, with a strong 
indication that response increased with the clay content of the soil. Averages 
of the data for the three soils indicate that under the conditions of this 
experiment W.S.L.S. is about 1/16 as effective as HPAN and about 1/36 
as effective as VAMA. 
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PROPERTIES AND CROP YIELD ON A BROOKSTON CLAY SOIL! 
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[Received for publication July 18, 1958] 


ABSTRACT 


A field study was carried out on a Brookston clay soil at Woodslee, Ontario, 
in 1952-1955 to measure some effects of tillage traffic on soil physical con- 
ditions and crop yield. The experiment was conducted at high and low mois- 


ture levels and on cropping systems considered to be extreme in effect on the 
soil. 


In this study tillage traffic was not consistently deleterious to physical pro- 
perties and appeared to have little influence on corn and oat yields. Crop yield 
seemed to be affected by the preceding crop. 


INTRODUCTION 


Use of heavy tillage equipment in present-day farming has caused 
much concern about possible traffic compaction, especially where tillage 
is carried out on fine-textured soils while they are wet. Low crop yields 
on clay soils frequently have been attributed to compaction resulting 
from preparatory tillage. 

The relationship of soil moisture to tillage is discussed by Baver (1). 
The most significant moisture measurement related to tillage is known as 
“the lower plastic limit’. This term denotes the moisture content of soil 


when a change occurs from the friable to the plastic consistency and it is 
considered that the soii will puddle if tillage is carried out at or above this 
moisture content. 


Effects of tractor traffic on bulk densities were found to be only negli- 
gible in studies by Fountaine and Payne (4). Other work by Jenny (7) and 
Weaver (9) indicated that tillage and tractor use alone compacted soil, 
especially when the soil was wet. 

The Brookston soil series, on which the Woodslee Soil Substation is 
located, exhibits characteristics of Dark Grey Gleisolic soils (8). The 
parent material is described as a heavy ground moraine altered by wave 
action and lacustrine deposits. The fine texture and impervious nature of 
this soil suggest that physical structure and productivity may be impaired 
where tillage is carried out on Brookston clay soil under wet conditions. 

The present study was designed to compare the effects of minimum 
tillage traffic and excessive tillage traffic during the period of seed bed 
preparation subsequent to ploughing and to measure the effects of these 
treatments on crop yield as well as physical properties of the soil. The 
tillage treatments were established at times when the effect of tillage 
traffic could be measured in respect to soil moisture level. The two moisture 
levels included a moisture content approximating the lower plastic limit 
and a lower soil moisture content considered to be more favourable for 
tillage operations. 


iContribution No. 4, Research Station, Research Branch, Canada Department of Agriculture, Harrow, Ont. 
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MATERIALS AND METHODS 


In 1952 and 1953 a study was carried out to measure the effect of 
tractor traffic on three cropping systems at low and high moisture levels. 
Total pore space values from the surface depth of this test are included 
in the present study. 


In 1954 and 1955 tillage traffic studies were extended to measure crop 
yield and physical changes that might result from seed bed preparation. 
The indicator crops included grain corn for 1954 and oats for 1955. In 
1954 the test was established on each cultural treatment when soil moisture 
was near the lower plastic limit. In 1955 the study was carried out on each 
cultural treatment when moisture was near the lower plastic limit and when 
moisture was below the lower plastic limit. 

A modified split plot design was used for the experiment established 
on each cultural treatment. 

In 1954 the study was carried out on bluegrass sod that had remained 
as such for approximately 30 years, on soil that had grown corn continuously 
for 7 years, and on second-year alfalfa sod. In establishing the experiment the 
treatments that received minimum tillage to prepare a suitable seed bed 
were disked, spring-toothed, dragged with a spike-toothed harrow and 
then planted. Treatments that received more tillage than was required 
to produce a seed bed were first disked, spring-toothed and dragged. Follow- 
ing this minimum tillage a compactive treatment was carried out by travel- 
ling over the plot a number of times with the tractor alone in order that the 
entire plot was passed over by a rear tractor-wheel. A pressure of approxi- 
mately 18 pounds per square inch was exerted by the tractor wheel during 
this operation. Subsequent to this compactive treatment these plots were 
disked, dragged and planted to corn. 


TABLE 1.—PER CENT TOTAL PORE SPACE CALCULATED FROM BULK DENSITY FOR TILLAGE 
TRAFFIC TREATMENTS ON BLUEGRASS SOD, ALFALFA SOD AND ROW CROP SOIL FOR 1952-1955 


Per cent total pore space 


teas Tillage Se 
en traffic 1952 | 1953 1954 | 1955 
=, treatment . 
Dry? Wet Wet } Dry Wet Av. 
Minimum 44.9 57.6" 50.6 48.6 49.6 | 50.3 
Bluegrass sod tillage! | | 
Excessive | 44.1 | 52.28 50.3 | 47.7 | 49.3 48.7 
tillage | 
Minimum a ae 52.1» | $1.3 | 48.2¢¢] 48.0 
| tillage | | | 
Alfalfa sod 
| Excessive | 40.8 47.7 48.6> | 50.9 46.30 46.9 
| tillage | | 
| | | 
Minimum 41.0 50.1 51.1 48.7 49.8 | 48.1 
tillage | 
R yw cr »p | | 
Excessive | 40.7 47.5 | 50.6 48.0 49.5 | 47.3 
tillage | | | | 
Av. | | 41.8 50.7 50.6 | 49.2 | 48.8 | 








iIn 1952 and 1953 “minimum” and ‘‘excessive” tillage refer to areas untravelled and travelled by the tractor. 
*“Dry” denotes a soil moisture content below the lower plastic limit, while ‘“‘wet"’ indicates a soil moisture 
content approximately at the lower plastic limit. 

‘Significant difference obtained by ‘‘t’’ test between values with identical letters; single letters denote signi- 
ficance at 5% level, double letters denote significance at 1% level. 
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The 1955 test was established in three locations. These included an 
area that had been in row crop for several years, a field that had grown 
corn for 2 years following alfalfa sod, and an area that had grown corn for 
1 year following bluegrass sod. The tillage traffic treatments on each of the 
three tests were the same as in 1954. 

Three-inch diameter core samples were obtained by driving a core 
sampler (3) into the ground at the desired depth. In 1952 and 1953 one 
sample was taken from each of four replicates at approximately the 2 - 6 
inch depth. In the spring of 1954 and 1955 five cores were taken within 
the same depth from each sub-plot replicated four times. The core samples 
were analysed for pore space (6). 


EXPERIMENTAL RESULTS 


Per cent total pore space results are presented in Table I. 

Excessive tillage, traffic did not significantly affect the average total 
pore space within any cropping system although there appeared to be a 
trend towards reduced pore space where excessive tillage was applied. 
Average total pore space values were not significantly changed by the crop- 
ping systems in this study when comparisons were made within similar 
tillage traffic treatments. Tractor traffic reduced total pore space on blue- 
grass sod in 1953 and excessive tillage traffic reduced total pore space on 
alfalfa sod in 1954 and 1955. 

In 1952 the average total pore space for the three cropping systems 
on dry soil was much less than the average total pore space on all subse- 
quent tests carried out on both wet and dry soil in 1953-55. 

Per cent aeration pore space results appear in Table 2. 


TABLE 2.—PER CENT AERATION PORE SPACE FOR TILLAGE TRAFFIC TREATMENTS ON 
BLUEGRASS SOD, ALFALFA SOD AND ROW CROP SOIL FOR 1952-1955 


Per cent aeration pore space 























i Tillage —_—_— —_—_—_ — —_ ad 
rumeene traffic | 1952 1953 1954 | 1955 
— treatment | | ee 
Dry? | Wet Wet Dry Wet | Av. 
| | 
Minimum 8.5 12.0 | 9.1 | 11.4 11.9 10.6 
tillage! | 
Bluegrass sod | | 
| Excessive 10.3 | 10.0 | 7.6 10.7 10.8 9.9 
| tillage | | | 
Minimum | 9.0 | 9.4 | 12.383 | 13,2bd 7.6¢¢ 10.3 
tillage | | | | 
Alfalfa sod | | | | 
Excessive 10.4 10.4 6.98 9,4bd | 6.0¢¢ 8.6 
tillage | 
| Minimum 8.1 7 | ae | Ma 1.9 | 10.3 
| tillage | | 
Row crop | | | 
Excessive | 9.0 7.4 | 10.4 11.0 | 12.6 10.1 
tillage | | | 
Av. | Ss oa |. Sa. 7 - th 10.1 | 





1In 1952 and 1953 “‘minimum” and “excessive” tillage refer to areas untravelled and travelled by the tractor. 
2*Dry” denotes a soil moisture content below the lower plastic limit, while ‘‘wet” indicates a soil moisture 
content approximately at the lower plastic limit. . 
Significant difference obtained by “t’’ test between values with identical letters; single letters denote signi- 
ficance at 5% level, double letters denote significance at 1% level. 
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TABLE 3.—YIELD OF CORN FOR 1954 AND YIELD OF OATS FOR 1955 FOLLOWING TILLAGE 
TRAFFIC TREATMENTS ON BLUEGRASS SOD, ALFALFA SOD AND ROW CROP SOIL 


1954 1955 











Prevtons —— | Yield of corn | Yield of oats 
crop a ; seer 
treatment Wet! Dry . Wet 
— - | | 
| | bu. | bu. bu. 
| i | 
Minimum | 70.3 66.3 81.3592 
tillage | 
grass sod } 
me | Excessive 61.2 73.5 53.208 
| tillage 
| | 
| Minimum | 87.1 64.7 71.8 
tillage 
Alfalfa sod 
, | Excessive 88.1 55.1 66.6 
| tillage | 
Minimum | 26.6 | 97.9 100.6 
tillage | | 
Row crop . | 
Excessive | 32.4 | 98.4 105.5 
| tillage 


Dry” denotes a soil moisture content below the lower plastic limit, while “‘wet’’ indicates a soil moisture 
content approximately at the lower plastic limit. 

Significant difference obtained by ‘‘t’’ test between values with identical letters; double letters denote 
significance at 1% level. 


Average aeration pore space for the five tests was not changed signi- 
ficantly by tillage traffic within any one cropping system. Likewise, 
cropping system did not alter average aeration pore space within each 
tillage traffic treatment. Aeration pore space was reduced by excessive 
tillage traffic on alfalfa sod in 1954 and 1955. 

Corn yield for 1954 and oat yields for 1955 are presented in Table 3. 

Corn yield was not reduced by excessive tillage traffic in 1954. Yield 
following bluegrass sod and alfalfa sod was greater than corn yield on the 
row crop system of continuous corn in 1954 when comparisons were made 
within similar tillage traffic treatments. 

In 1955, where the test was carried out on bluegrass sod under wet 
conditions, oat yield was much lower following excessive tillage than on 
the minimum tillage treatment. Excessive tillage failed to reduce oat yield 
on the row crop or alfalfa sod areas. 


DISCUSSION 


Tractor or excessive tillage traffic resulfed in descreased total pore 
space in three of fifteen comparisons where these treatments were used 
and, where yield was measured, this change in total pore space was not 
accompanied by a change in yield. Aeration pore space was reduced in 
three of the fifteen traffic comparisons and again there was no corresponding 
change in yield. Although differences between average values were not 
significant there appeared to be a trend towards a reduction in average 
total and average aeration pore space on each cropping system where 
excessive tillage had been carried out. Oat yield was lower on the exces- 
sive tillage treatment in one test but soil porosity was not altered where 
this yield reduction occurred. 
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The average total pore space of the 1952 tests, carried out under dry 
conditions, was lower than the average total pore space of the tests for 
all subsequent vears and this result may possibly reflect seasonal influence 
on porosity. In 1952 the study was carried out on very dry soil in late 
autumn while all subsequent tests were carried out in the spring following 
the freezing and thawing action of winter. 

Results obtained within the range of the experimental conditions 
suggest that the effects of excessive tillage on pore space and yield are 
small and there appears to be little or no association between soil porosity 
values and crop yield in this study. These findings are in agreement with 
previous work (2, 5) which shows that improved soil physical condition as 
evaluated by porosity measurements does not in itself result in increased 
crop yield. 

The effect of the cropping system on subsequent corn yield in 1954 is 
evident in Table 3. The low corn yield that resulted where the row crop 
consisted of several successive crops of corn suggests a nitrogen deficiency. 
This result is in agreement with previous work at Woodslee! which shows 
that corn grown in continuous culture has a much higher fertilizer nitrogen 
requirement than corn grown after alfalfa. 


In 1955, oat yields did not follow the same yield trend with respect 
to cropping system as resulted for corn in 1954. The area used as row crop 
soil in 1955 had received substantial fertilizer applications during the vears 
that immediately preceded this test. It is believed that a relatively high 
fertility level existed on the row crop soil and this effect may account for 
the different yield trend in 1955. 
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ABSTRACT 


A laboratory study was carried out to determine the breakdown of soil 
structure by alternate freezing and thawing. Surface samples of Haldimand 
clay from plots cropped with corn for the 3 previous years and from plots of 
continuous blue grass sod were used. 

Cycles of freezing and thawing caused a significant breakdown of aggregates 
from the sod plots at all moisture levels employed except the one equivalent to 
1.0 atmosphere pressure. The destructive effects of alternate freezing and 
thawing increased with increasing moisture in the well-aggregated soil (blue 
grass), but the effects on a poorly aggregated soil (corn) were not significant. 


INTRODUCTION 


In Southern Ontario the majority of soils undergo cycles of freezing 
and thawing between the months of October and April. To take advantage 
of frost action in breaking up large clods, fine-textured soils are usually 
ploughed in the fall. However, the effects of cycles of freezing and thawing 
on the smaller sized aggregates in a clay soil are not known. 

Slater and Hopp(4) carried out a study to evaluate the effects of 
freezing on the water stability of soil aggregates. Three different moisture 
levels were used, field capacity, 15 per cent in excess of field capacity, 
and 30 per cent in excess of field capacity. Freezing and thawing decreased 
the water stability of soil aggregates, the decrease being most evident at 
the highest moisture content. The authors concluded that the rate of 
freezing and thawing had no effect on aggregate stability but there was a 
decrease in the stability by repeated freezing and thawing. A study by 
Willis (5) has shown that alternately freezing and thawing several soils 
caused a decrease in the percentage of water stable aggregates. After 
twenty cycles of freezing and thawing, the greatest breakdown had occurred 
in the initial cycle and very little additional breakdown after the fifth 
cycle. Chepil (1) reporting on seasonal fluctuations in soil structure, stated 
that below the 3-inch depth structure changed little from season to season. 


The purpose of this study was to evaluate the effects of alternate 
freezing and thawing on the percentage of water stable aggregates in a 
Haldimand clay under two cultural practices and at five moisture levels. 


MATERIALS AND METHODS 


Surface samples of Haldimand clay, a Grey Brown Podzolic soil’, 
were taken from plots on which corn had been grown for the previous 3 


years and from plots on which Canada blue grass had grown annually for 
ten years. 


‘Contribution from Department of Soils, Ontario Agricultural College, Guelph, Ont. Part of thesis pre- 


sented by the senior author to the Graduate School, University of Toronto, in partial fulfilment of require- 
ments for M.S.A. degree. 


*Assistant Professor and Associate Professor of Soils, respectively. 
‘Unpublished data by the Ontario Soil Survey. 
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The soil was passed through an 8.8-mm. screen, air-dried, and quartered 
to obtain representative samples. These were placed in aluminum rings 1.5 
inches in diameter and 1.0 inch in height, saturated, and equilibrated at 
pressures of 1.0, 0.33, 0.1, 0.01, and 0.003 atmospheres in a pressure 
cooker apparatus (3). At equilibrium the ring and contents were removed 
from the pressure chamber, weighed, and immediately placed in airtight 
plastic bags to keep moisture losses at a minimum. The samples were then 
placed in a freezing compartment and subjected to the required number 
of cycles of freezing and thawing. Temperatures were obtained by placing 
.30 A.W.G. copper-constantan thermocouples in the freezer and recording 
the temperatures on a Brown potentiometer. It required approximately 


6 hours to reach —15° F. 


At the completion of each cycle of freezing and thawing, samples 
from each cultural treatment were selected at random, removed from the 
freezing compartment, and allowed to air-dry. The size-distribution of 
water-stable aggregates was determined on a sample equivalent to 40 gm. 
+5gm. of oven-dry soil using the wet-sieving technique as described by 
Yoder (6). Five sieves were used with openings slightly less than 5.0, 2.0, 
1.0, 0.5, and 0.25 mm. 


The geometric mean (2) of the logarithmic-normal distribution was 
used in this study as an index to express soil aggregation, as it characterizes 
an entire distribution by a single value suitable for studying statistical 
and quantitative relationships among treatments. The experimental data 
were statistically analysed using a split-plot design, with the five moisture 
levels being the mainplots and the sub-plots consisting of cultural treat- 
ments, and cycles of freezing and thawing. The differences that were neces- 
sary for significance between any two means were calculated from the 
sequential range test. 


The results of freezing and thawing at a given moisture level with 


respect to soil aggregation were expressed in the form of an exponential 
equation: 


Y = Ae—>* where Y is the geometric mean diameter in millimeters, 
A the value of soil aggregation before freezing, e the Naperian constant, b 
the rate of change of aggregation, and x the cycles of freezing. 


RESULTS AND DISCUSSION 


In discussing the changes that occur in soil aggregation due to freezing 
and thawing, three factors should be considered: (i) soil moisture at time of 
freezing; (ii) effects of freezing and thawing at a given moisture content; 
and (iii) interaction between cycles and moisture content. 


Aggregate Disintegration in Samples from the Blue Grass Sod Plots 


The soil aggregation values that resulted from alternately freezing 
and thawing soil samples from plots of blue grass sod are given in Table 1. 
In this study water would cause a breakdown of soil structure by a slaking 
action at zero cycles of freezing. These initial differences in aggregation 
were not significant. As the moisture content of the samples was increased 
there would be an increase in the soil-pore water available for freezing to 
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TABLE 1.—THE EFFECT OF FREEZING AND THAWING AT FIVE MOISTURE LEVELS ON 
SOIL AGGREGATION IN A HALDIMAND CLAY UNDER BLUE GRASS SOD 


i istur . . . Regression equation 
Soil moisture Freezing Geometric ees quatios 
$$ ele $ ) and significance of 

Ld ae ae cycle |} mean (mm. = ont( 1 
Atmos. press. er cent treatment(1) 


cycles N.S. 





Y = 2.08 e-0.08x 








cycles* 


Y = 1.943 ¢0.20x 





cycles** 





= 1.843 -0.14x 
cycles** 


Y = 1.738 e-0-s86x 


cycles** 





1(N.S.) not significant, (*) significant at 5 per cent level 
(**)significant at 1 per cent level 


cause aggregation disintegration. The statistical analysis of the data 
indicated that the differences in the geometric mean of the soil aggregates 
due to the moisture content at the time of freezing were significant (Table 1). 

At each level of soil moisture a decrease occurred in the geometric 
mean as the number of cycles of freezing and thawing was increased 
(Table 1). The differences in the geometric mean were significant except 
at the moisture level equivalent to 1.0 atmosphere. At the moisture con- 
tents equivalent to 0.1, 0.01, and 0.003 atmospheres the greatest breakdown 
of aggregates occurred with the first cycle. 

The analysis of variance indicated a highly significant interaction 
between cycles of freezing and thawing, and moisture content. The break- 
down of aggregates due to freezing was greatest at the highest moisture 
content (Table 1). The regression equation calculated from the data at 
each moisture level was significant at the 5 per cent level, except at the 
moisture content equivalent to 1.0 atmosphere. These equations show that 
the rate of breakdown, the b-value, increased as the moisture content at the 
time of freezing was increased (Table 1). 


Aggregate Disintegration in Samples from the Continuous Corn Plots 
The geometric means of the aggregates before and after three cycles 
of freezing and thawing at five levels of soil moisture are given in Table 2. 
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TABLE 2.—SOIL AGGREGATION LEVELS BEFORE AND AFTER FREEZING IN A 
HALDIMAND CLAY UNDER CONTINUOUS CORN 


Soil moisture Geometric mean of aggregates in mm. 


Atmos. press. | Per cent Before freezing After three cycles 


—aecenneinninaseins 


1.0 29.40 0.088 0.083 
0.33 30.91 0.103 0.096 
0.10 37.65 0.093 0.085 
0.01 59.04 0.092 0.092 
0.003 71.04 0.095 0.090 


The statistical analysis indicated that cycles of freezing and thawing 
did not cause a significant breakdown in aggregation at any moisture 
level in the soil from the continuous corn plots. It would appear that the 
initial level of aggregation had reached a value that was not significantly 
affected by alternately freezing and thawing, or that the methods and 
techniques employed were not suitable for characterizing soil aggregation 
at these low values. 
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RATE OF SOIL DRAINAGE FOLLOWING AN IRRIGATION 
I. NATURE OF SOIL DRAINAGE CURVES! 


J. C. Witcox? 


Canada Department of Agriculture, Summerland, British Columbia 


ABSTRACT 


Bare soil was irrigated, covered to prevent evaporation, and sampled 
periodically to depths of 6 or 7 feet. In 12 tests the total time after irrigating 
varied from 15 days to 64 days. By charting moisture content against time 
on log-log paper, straight-line trends were obtained with an equation of the 
type M = a T~, in which M = moisture content, T = time, and a and b 
are constants. The fit was quite close except during the first day or two 
after irrigating. An examination of results reported by other workers 
yielded the same type of equation. From this were calculated equations 
relating rate of moisture loss to time, rate of moisture loss to moisture 
content, and cumulative moisture loss to time. With increasing depth in the 
soil, the total drainage increased but the net rate of loss per foot of soil 
decreased. The finer-textured the soil, the greater was the moisture loss per 
unit of time but the less was the b value. 


INTRODUCTION 


This is the first of a series of papers dealing with the rate of drainage 
of moisture in field soils following an irrigation. The term ‘‘drainage”’ is 
used to mean deep percolation of the water into soil below the root area 
of the plant, or into soil below that being studied. In order to limit the 
problem somewhat, the following conditions have generally been adhered 
to: 

Field conditions and field tests only. 
Reasonably uniform soil texture to the depth studied. 
Free drainage into the subsoil. 
No water table within at least 100 feet of the surface. 
Wet but well-drained subsoil at the time of irrigation. This is. 
normal under full-season irrigation. 
. Application of more than sufficient water to wet the soil to tield 
capacity. 

It is recognized that in restricting the conditions of the experimental 
work in this manner, the results will not be universally applicable. They 
should, however, be generally applicable to large areas of irrigated land. 

This first paper of the series deals with types of soil drainage curves 
as reported in the literature and as found in experimental work at 
Summerland. Subsequent papers will deal with the effects of drainage on 


the measured rates of consumptive use and on the determination of field 
capacity for moisture. 


REVIEW OF LITERATURE 


Much work has already been done on the rate of drainage following 
field irrigation. The most reliable work appears to have been that in which 
plots of bare soil were covered to prevent evaporation and to prevent rain 
from falling on them. 


' Contribution No. 948 from the Division of Horticulture, Experimental Farms Service, Canada 
Department of Agriculture. 


? Senior Research Officer, Plant Nutrition, Soil and Irrigation Investigations. 
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Most of the results of field work have been reported in tabular or in 
simple graph form only. In 1922, Israelsen and West (6) flooded plots with 
water, then covered them with straw. By the tenth day after penetration 
of the water the most rapid movement had ceased, and henceforth move- 
ment was very slow. In 1927, Israelsen obtained similar results, with 
comparative equilibrium being attained in 68 days. Blaney, Taylor and 
Young (1) in 1930 obtained a rapid decrease in moisture content for 5 
days, then a progressively slower rate of decrease for 14 months. 
Veihmeyer and Hendrickson (12) in 1931, Bodman and Edlefsen (2) in 
1934, and Edlefsen and Bodman (3) in 1941 conducted similar work and 
obtained similar results, except that the initial periods of rapid drainage 
were somewhat shorter. In 1948, Hilgeman (5) irrigated a bare plot but 
did not cover it. Below the depth affected by evaporation the results were 
similar to those already noted. 

In some of the reports on drainage following an irrigation, equations 
have been developed relating moisture content to the time after irrigating. 
In 1921, Gardner and Widtsoe (4) found that their results gave the 
following equation: 

OQ = 14.6 + 2.7e—-@* + 2.7e- +t, 

in which Q = moisture content and t = time. 

In 1956 Stevenson (11) obtained the following: 

Y, = Aln (T + 4) + B, 
in which Y,; = moisture content, t = time, and A and B are constants. 
Per cent moisture plotted against “time in hours + 4’ gave approximately 
a straight line. The same year, Richards, Gardner and Ogata (9) while 
conducting salinity studies obtained the following equation: 
W =aT, 

in which W = water content, T = time, and a and b are positive constants. 
Plotting the log of moisture content against the log of time gave a straight 
line. With increasing depth the rate of water loss lessened, hence the slope 
of the log-log line (b) lessened. It was concluded that the rate of water 
loss was proportional to the water content and inversely proportional to 
time. These findings were confirmed by Ogata and Richards (8) in 1957. 


APPLICATION OF LOG-LOG CURVES TO DATA REPORTED BY 
OTHER WORKERS 


As noted above, different types of time-drainage curves have been 
reported by other workers. This prompted the author to study drainage 
data reported by a number of workers from their covered plots. Data were 
plotted on linear paper, semi-log paper and log-log paper. 

Detailed studies were made in this manner on two sets of data from 
tests that were conducted for comparatively long periods of time. Blaney, 
Taylor and Young (1) irrigated a deep sandy loam on June 18, 1929, then 
took soil samples to a depth of 18 feet at increasing time intervals until 
August 27, 1930. From the surface to a depth of 5 feet, straight-line 
curves were obtained on log-log paper right to the end of the test (435 days). 
An example is given in Figure 1. The points for the first day or two did 
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EDLEFSEN AND BODMAN (1941), 36-42 INCHES. 


HOEK Mea KX 
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BLANEY, TAYLOR AND YOUNG (1930), 12-24 INCHES. ~X*X ee XK ~ 





MOISTURE CONTENT OF SOIL IN PER CENT 
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DAYS AFTER IRRIGATING 


FicurE 1.—Two examples, from the literature, of soil moisture content plotted 
against time on log-log paper. 


not always fit the straight-line trend. Plotting the points on linear or 
semi-log paper did not give straight lines. Below 5 feet the net drainage 
losses were small and erratic, and good curves were not obtained. 


Edlefsen and Bodman (3) conducted a similar test with silt loam soil. 
They irrigated on October 3, 1934, and sampled at increasing time intervals 
to January 22, 1937, to a depth of 9 feet. Straight lines were obtained on 
log-log paper from 3 to 217 days after irrigating, from the surface to a 
depth of 4 feet. An example of one of these curves is given in Figure 1. 

The evidence from this preliminary review, then, indicates that given 
a deep soil with reasonably good drainage, and given a condition where 
there is no evaporation or transpiration, drainage within the root depth of 
the soil is related to time in the manner suggested by Richards, Gardner 
and Ogata (9). This relationship can be expressed in the following form: 

M =aT, (1) 
in which M = moisture content, T = time in days, a = moisture content 
one day after irrigating, and b = the slope of the log-log line as a positive 
value. 

The above study and the Review of Literature indicate that drainage 
after an irrigation occurs in accordance with Equation 1. Extended 
studies have been performed in an attempt to confirm or deny this, and to 
determine the effects of various factors on the drainage curves. The rest of 
this paper constitutes a report of these studies. 
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EXPERIMENTAL PROCEDURE 


Drainage tests following an irrigation were made at the Summerland 
Station each year from 1954 to 1957. In each case a level spot was selected 
where the soil was deep, had free drainage, and seemed by preliminary 
test to be reasonably uniform. A 15 x 15-foot area was cleared of vegetation 
and irrigated sufficiently to wet the soil to a depth of at least 10 feet, and 
the soil was allowed to drain for several days. It was then irrigated again. 
A 12 x 12-foot area was covered with a tarpaulin, and the soil within a 
6 x 6-foot square in the centre was sampled periodically by 1-foot 
increments to a depth of 6 or 7 feet. In two cases (Tests 4 and 7) sampling 
was conducted to shallower depths because of the presence of gravel in the 
subsoil. Tarpaulins of oiled canvas or of plastic were kept in position over 
the soil between samplings. In no case was there any evidence of a water 
table within at least 100 feet of the surface, as judged by nearby cliffs 
below the test areas. 

A list of the tests made is shown in Table 1. Omitted are tests in which 
the soil was cropped instead of covered. These tests will be discussed in 
subsequent papers. 


TABLE 1.—LIST OF SOIL DRAINAGE TESTS 
(Covered plots only) 








| 
1 


Depth of | Time of 
sampling sampling 


| Replication 


Soil texture | 


feet days 


Loamy sand 
Silt loam 
Loamy sand 
Sandy loam 
Clay loam 
Sandy loam 
Silt loam 
Loamy sand 
Silt loam 
Loamy sand 
Clay loam 
Loamy sand 
Clay loam 


30 
30 
30 
30 
60 
15 
30 
15 
20 
64 
64 
64 
64 


COND Whe 


— tt et 
we © 


_ 
~ 
DADAMS Pe STSS 


TABLE 2.—COEFFICIENTS OF VARIABILITY OF MOISTURE CONTENTS OF SAMPLES 
TAKEN AT SAME DEPTH ON SAME DAY 


| 
Coefficients of variability 
Standard | General - 
texture deviation | mean 


| Single | Groups | Groups 
| samples of 4 
wala — 


Loamy sand 
Silt loam 
Loamy sand 
Clay loam 
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In each test, soil samples were taken at time intervals that increased 
with time. In Test 1, for example, samples were taken at 0, 1, 2, 3, 4, 6, 
8, 10, 15, 20 and 30 days after irrigating. Soil moisture contents were 
determined by drying at 105°C. Soil volume weights were determined by 
sampling with a 3 x 4-inch can of known volume. 

A difficulty encountered was variability among samples within the 
6 x 6-foot square. At first, only three locations were sampled at each 
sampling date. By selecting test sites with greater care, however, and by 
increasing the number of locations sampled each time to nine, the problem 
of variability was largely overcome. Studies of variability were made on 
four of the 1955 and 1956 tests, and results are presented in Table 2. The 
coefficient of variability among samples taken at the same depth on the 
same day was quite low when each value was based on the mean of nine 
samplings. 


RESULTS 


Type of Moisture Content-Time Curve 


Curves of moisture content versus time were plotted for each foot of 
soil and for the mean of each profile. This was done on linear paper, 
semi-log paper and log-log paper. In almost every case the curves drawn 
on log-log paper were straight lines. In some 20 cases out of 92, however, 
the results were inconclusive for the following reasons: (a) the points were 
scattered rather widely on either side of the line due in most cases to 
inadequate replication; (b) there was leakage of air through the cover and 
some moisture was lost from the top 2 feet of soil by evaporation; or (c) 
there was only a slight change in moisture content throughout the course of 
the test. This last occurred more especially at greater depths in the clay 
loam soils. In the remaining 72 cases, however, there were definite 
straight-line trends on log-log paper and nearly all of the points lay close 
to the lines. 

Examples of the curves obtained are shown for a loamy sand and for a 
clay loam in Figure 2. There was a general tendency for sandy soils to 
take at least 1 day before the points on the charts lay close to the line of 
trend, and for finer soils to take 2 or even 3 days. At medium depths 
(2 to 4 feet) the points were frequently in a straight line after the first day. 
At shallower depths moisture losses were sometimes greater at the start 
than indicated by the straight-line trend, while the reverse was often true 
at greater depths. 


Curve equations were calculated by usual mathematical procedures. 
By way of example of the results obtained, the Test 17 curve in Figure 2 


“~ 


had the equation 
M = 8.470 T--°7# 
and the Test 19 curve had the equation 
M = 40.16 T—-%%, 
In order to determine the reliability of Equation 1, studies were made 
on the logarithms of moisture content and of time in Tests 17 and 19. The 
values used were those from 1 to 64 days with Test 17 and 3 to 64 days with 
Test 19. In each case the regression mean square was divided by the error 
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TEST 19 MOISTURE CONTENT (0 —6 FEET) 
a 1, 


TEST 17 MOISTURE CONTENT (0-3 FEET) 
eee? (eee 
= 


TEST 19 RATE OF MOISTURE LOSS (0 ~6 FEET) 


- 
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= 
ee 
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TEST 17 RATE OF 
MOISTURE LOSS 
(0-3 FEET) 


10 40 100 
DAYS AFTER IRRIGATING 


Ficure 2. Moisture contents and rates of moisture loss per day plotted against 
time for Tests 17 (loamy sand) and 19 (clay loam). 
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TABLE 3.—SIGNIFICANCE OF LINEARITY BETWEEN LOGARITHMS OF 
MOISTURE CONTENT AND TIME 




















Test No. Depth in feet F value* ee 
‘a 0-1 37 — .939 
1-2 170 — .985 
3-4 183 — .984 
5-6 78 — .963 
0-6 125 — .984 
P = 0.01 16 -874 
19 0-1 230 — .991 
2-3 101 — .981 
3-4 47 — -960 
0-6 132 — .986 
P = 0.01 21 | 917 








*Regression mean square divided by error mean square 

** Between log of moisture content and log of time 

mean square, and the resulting F value was used as a measure of the 
significance of linearity. The results obtained are presented in Table 3. 
To determine the reliability of the “‘b’’ values, the standard errors were 
determined by the usual procedure (10), and from these were determined 
the t values. In all cases the t values were highly significant, with P less 
than 0.01. 


Type of Moisture Loss-Time Curve 


When plotted against time, the rate of moisture loss per day by drainage 
has given a curve similar in nature to the moisture content curve; that is, it 
has given a straight line when plotted on log-log paper. The equation can 
be determined by differentiating the equation for the moisture content 
line: 


IfM =aT~, 





thend M = — ab T-®*+», (2). 
dT 
Using L to represent the rate of moisture loss per day, we have 
L = — ab T-O+*» (3). 
Whereas the slope of the moisture content line is represented by — b, the 
slope of the moisture loss line is represented by — (b + 1). Comparisons 


between two moisture content curves and their corresponding moisture loss 
curves are given in Figure 2. It should be noted that as with Equation 1, 
Equation 3 has not been applicable during the first day or two following 
Irrigation. 

It is obvious from these results that in any one location the rate of 
loss of moisture is a function of the moisture content of the soil. Once the 
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TEST 19, 0-6 FEET 


TEST 17, 0-3 FEET 


MOISTURE CONTENT IN PER CENT 


0.01 0.1 
RATE OF MOISTURE LOSS PER DAY, IN PER CENT 


FiGuRE 3. Moisture content plotted against rate of moisture loss per day on 
log-log paper, Tests 17 (loamy sand) and 19 (clay loam). 


equation relating moisture content to time has been determined, it is then 
possible to calculate the equation relating the rate of loss of moisture 
directly to the moisture content. From Equation 1 we get 


T = (M\-/° 
a 


Substituting for T in Equation 3 we get 

L = —ab(M/a) ©+»/>, 
Examples of the kind of curve represented by this equation are shown in 
Figure 3. This particular type of curve has proved to be very useful in 
determining drainage losses from cropped plots, and will be referred to 
further in subsequent papers in this series. 


Effects of Soil Texture on Rate of Moisture Loss 

This was determined by relating measures of soil texture to “L” 
values. Two measures of soil texture were used: (1) the mean volume 
weight for the top 6 feet; (2) the ‘‘a” value, i.e., the moisture content at 
1 day after irrigating. These values were correlated with the rates of 
moisture loss at 1, 5 and 20 days after irrigating. The data used are shown 
in Table 4 and the major correlations obtained are shown in Table 5. 
These tables indicate that the finer-textured the soil, the greater were the 
rates of moisture loss. 

It is of interest to note that the correlation between the ‘‘a’’ values and 
the “‘b’’ values was —0.897. This would seem to indicate that the rate of 
loss of moisture was less with the finer-textured soils. It should be noted, 
however, that for the same rate of loss of moisture at any one time the 
‘‘b”’ value is much less with a clay soil than with a sand. As indicated by 
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TABLE 4.—SOME MEASURES OF SOIL TEXTURES AND RATES OF MOISTURE LOss! 


} 
| 


L values at following times 
Test | Volume g b after irrigating 

No. weight value value —— 

1 day | 5 days | 20 days 





% | | % | % 


70 6.30 ’ —0.884 
.64 6.64 .1305 —0.867 
.63 6.60 oh —0.865 
.60 7.37 y —0.548 
.58 6.92 : —0.749 
49 15.82 , —0.956 
31 37.51 .05! | —2.068 
.30 33.70 .0525 —1.770 
2} 34.29 .0. | —1.304 
.25 40.16 03: —1.332 
aa 39.98 .02 —1.144 
.20 38.16 } ‘ | .100 





_ 
NRK OFWs OF, w 





oo . tr 
eH nO 








Mean values for top 6 feet of soil 


TABLE 5.—SOME CORRELATIONS BETWEEN MEASURES OF SOIL TEXTURE AND 
RATES OF MOISTURE LOSS 


Correlations obtained with ‘‘L”’ values at 


. following times after irrigating 
Measure of soil texture ee ane 8 's 


1 day 5 days | 20 days 


Volume weight | —0.658 —0.746 —0.781 


‘ 


‘a” value | +0.742 | 0.814 +0.846 


1.576 with P = 0.05 
).708 with P = 0.01 


Table 5, actual rates of moisture loss tended to be greater with silt and 
clay loams than with sandy soils. The correlation between the volume 
weight and the ‘‘a’’ value was —0.982. 


Effects of Depth of Soil on Rate of Moisture Loss 

As an example of the effects of depth of soil on rate of drainage, data 
for Test 19 are presented in Table 6. This soil is classed as a brown soil 
and has comparatively little genetic development. The correlations between 
depth and rate of drainage are presented in Table 7. 

It will be noted from Table 6 that the volume weights increased 
slightly with depth. In spite of this, the moisture contents at 1 day 
increased progressively with depth. The main reason for this is that with 
increasing depth each successive layer of soil receives more and more water 
from above. This water is passed on to the soil below, along with some 
further moisture that is represented by the L values, and the passing on 
of this water reduces the net drainage losses. This effect is felt within 1 
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TABLE 6.—MEASURES OF TEXTURE AND RATES OF MOISTURE LOSS BY DEPTH IN TEST 19 


| L values at following times 








te ee ds | is bei 
1 day 5 days 20 days 

fet | COdLCCOdS | % | % % 
0.5 | 1.195 | 34.8 0.645 | 2.245 | —.406 — .093 
1.5 | 1.210 | 37.3 0.402 | -1.500 | -—.274 | —.067 
2.5 | 1.256 | 41.7 0.302 -1.200 | —.240 — 058 
3.5 1.282 42.0 0.211 —0.886 | —.171 — .042 
4.5 1.293 42.2 0.139 —0.586 | —.115 | —.028 
5.5 | 1.241 | 42.8 0.197 —0.843 | —.164 | —.040 





* Mean depth for each foot 


TABLE 7.—SOME CORRELATIONS BETWEEN DEPTHS AND RATES 
OF MOISTURE LOSS 











Correlations 
| with depth 
“‘a”’ value +0.896 
“‘b” value —0.893 
“L” value at 1 day +0.906 
5 days +0.903 
20 days +0.912 
r = 0.811 with P = 0.05 
r = 0.917 with P = 0.01 


day after irrigating, and even more so with passage of time. The cor- 
relations in Table 7 indicate a decided decrease in rate of net drainage with 
increase in depth. 


Rate of Flow across a Horizontal Plane 


Occasional mention has been made by other authors (3) of the 
importance of knowing the rate of flow of water through a_ horizontal 
plane representing any stated depth in the soil. This rate of flow is the 
same as the total rate of loss of water by drainage from all soil above that 
depth. For example, the rate of flow at a depth of 6 feet is equal to the 
sum of the net rates of loss by drainage from each foot of soil to a depth of 
6 feet. 

The equation relating rate of loss (L) to time (T) is the same as 
Equation 3, except that L is, preferably, expressed in terms of inches of 
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Ficure 4. Rates of percolation across a horizontal plane at four depths in 
Test 19. 


water rather than per cent of soil moisture. In the same way, the rate of 
moisture loss can be related to the moisture content of the soil as in 
Equation 5. 

By way of example of rates of flow across a horizontal plane, some 
results from Test 19 are illustrated in Figure 4, where the rate of water 
percolation at different depths is plotted against time. 


Cumulative Moisture Losses 


The cumulative moisture losses can be calculated by equation, once 
Equation 1 has been determined. The total moisture lost up to any one 
time is the same as the difference between the moisture content immediately 
after irrigating (zero time) and the time (T) under consideration. By 
Equation 1, however, the moisture content at zero time would be infinity, 
which of course cannot actually be so. As noted above, the reduction in 
moisture content during the first day or two after irrigation does not 
accord with Equation 1. It is more reasonable and more practicable, 
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therefore, to start with the moisture content at one day after irrigation. 
If we let C = the cumulative moisture loss following Day 1, this gives the 
following equation: 
C=a-—M, (9) 
or C =a (i — T). (10). 
This equation does not produce a straight line on linear graph paper, 
semi-log paper or log-log paper. Two examples of cumulative moisture 
loss curves are given on semi-log paper in Figure 5. The curves shown are 
based on equations calculated from the equations for the moisture content- 
time curves. The points shown are actual moisture losses. In Test 19 
some moisture was lost by evaporation later in the test, hence the points 
at 31 and 64 days are too high. 


DISCUSSION 


Three of the drainage tests conducted in 1954 were not as reliable as 
the later tests, because of soil variability and insufficient replication in 
sampling. On the whole, however, the evidence is overwhelming that the 
moisture content-time curve that gives the best fit is of the type indicated 
in Equation 1. This report, then, confirms the work of Richards, Gardner 
and Ogata (9) and Ogata and Richards (8). 

It should be stressed that this investigation was conducted on deep 
soils with moist subsoil but free drainage. There was no water table 
present. Results cannot be applied to other conditions without prior test. 

Once the general type of drainage curve in any one area has been 
established, it then becomes possible to apply it to such problems as 
determination of rate of consumptive use of water and determination of 
field capacity for moisture. It is proposed to make such applications in 
the next two papers in this series. 


6 


CUMULATIVE MOISTURE LOSS AFTER DAY 1, IN PER CENT 





é 


DAYS AFTER IRRIGATING 


Ficure 5. Curves of moisture loss cumulative with time, Tests 17 and 19. 
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ABSTRACT 


Fifty Alberta soils, representing the six soil zones of the Province, were 
sampled for greenhouse and laboratory tests. Five successive crops of oats 
were produced in greenhouse tests involving a number of different nitrogen 
applications. In the laboratory the soils were subjected to a number of 
different nitrogen tests, including three methods of incubation for nitrate 
accumulation. Analytical data were then correlated with greenhouse yields. 
Also available for correlation were some data on fertilizer responses in the 
field. 


Nitrate nitrogen accumulating in unleached soils after a 2-week incubation 
period at 28° C. showed the best positive correlation with crop yield and the 
lowest negative correlation with crop response to added nitrogen. Correlation 
was good, however, only when growing conditions were carefully controlled. 
Using leached soils for the incubation test or using a 4-week incubating period 
resulted in lower values. Total nitrogen, ‘available’ nitrogen, and N values 
appeared to be of little value in assessing nitrogen requirements of the soils 
tested. 


INTRODUCTION 


In recent years increased attention has been paid to the application 
of fertilizer nitrogen to Alberta grain crops. On chernozemic soils of Alberta, 
where use of nitrogen was previously considered unnecessary, field 
experiments in recent years have revealed some marked responses. 
However, responses have been erratic, the increase in wheat yields for ex- 
ample ranging from negligible to over 30 bushels per acre*. The desirability 
of a laboratory means of predicting, with some reliability, the need for 
fertilizer nitrogen on these soils is apparent. This paper reports the results 
of investigations seeking such a method. 

Many methods have been proposed for determination of nitrogen 
fertilizer needs. Dulac (5), for example, studied the nitrogen content 
of the leaves; Magnitsku (9) used the chemical analysis of the whole plant; 
and Ririe et al. (11) used petiole analysis in sugar beet studies. Other 
investigators have stressed soil analysis. Thus, Truog (12) has suggested 
a special test to measure available nitrogen and Tyurin (13) has given 
attention to the organic matter as the key. The rate of nitrate nitrogen 
accumulation in soils incubated under standardized conditions has been 
used widely with some success, for example by Allison and Sterling (1), 
Cook et al. (4), Hanway and Dumenil (7), and by Eagle and Mathews (6). 
Other methods which have been used include the determination of the ‘N’ 
value by Munsen and Stanford (10), determination of the per cent of organic 
nitrogen mineralized in a given period, as described by Woodruff (14) 
and measurement of carbon dioxide production, as illustrated by Andrews(2). 


1 Contribution from Department of Soil Science, University of Alberta, Edmonton, Alta. 


Part of thesis presented by senior author in partial fulfilment of requirements for Ph.D. degree. 
2 Formerly Graduate Student; now Agricultural Chemist, Patiala, India. 
3 Professors of Soil Science 


* Alberta Advisory Fertilizer Committee. Annual compilation of fertilizer test results. Unpublished 
reports for 1952-1957. 
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The practical guitability of the various testing methods mentioned 
lias varied and nofane method Iyis been conceded general superiority. 
Moreover,’ soil characteristics an climatic conditions have important 
effect? on nitrifjcation and othengrocesses affecting the supply of avail- 
able goil initrogés. For these rgg@gons several methods which have been 
proposed as ‘meats of determiniggmthe need for fertilization with nitrogen 
have beef teAted on Alberta soiieA brief description of the methods used 
and the results obtained follov 


' 


MATER S AND METHODS 


Fifty composite soil sam@es were collected from Alberta’s six soil 
zones in fields where fertilizer trials provided yield data. Table 2 lists the 
zones and number of samples from each. The soils were sampled to plough 
depth in late June and early Yuly, 1956, approximately 50 pounds being 
taken. Samples were air-dried, mixed, and sieved through a 1-cm. screen for 
greenhouse pot tests and a 2-mm. screen for laboratory analyses. 


Greenhouse Experiments 

These tests were conducted to enable comparison of greenhouse 
yields of Victory oats with a number of different laboratory tests for the 
availability of soil nitrogen. Four, and for a few soils five, successive 
crops were grown. 

Twenty-five pounds of each soil were mixed with twenty-five pounds of 
clean builder’s sand and four pounds of the mixture placed in each of 
twelve 6-inch asphalt-coated pots. Monocalcium phosphate was applied 
to all pots 1 inch below the soil surface at a rate of 50 pounds of P.O; per 
acre on a weight basis. Nitrogen, as ammonium nitrate in solution, was 
applied at four levels — 0, 30, 60 and 120 pounds per acre. 


A stand ‘of 15 plants per pot was used in the first experiment and 20 
per pot in subsequent experiments. Tap-water was used for watering and 
drainage, if any, returned to the pots. In all cases harvesting consisted of 
cutting, oven-drying, and weighing the above-ground plant material at the 
late boot or early heading stage of growth. 

Following the harvest of the first crop the soils were immediately 
cultivated and reseeded, no further additions of fertilizer being made. 
After the second crop was removed an inert soil conditioner, Perlite, was 
mixed with the soil in each pot in an effort to improve the physical condition 
of the soils. One part of Perlite to eleven parts of soil by weight was the 
rate used. Following an application of phosphate, at 200 pounds P.O; 
per acre, and further applications of 0, 30, 60 and 120 pounds of N, the pots 
were seeded for the third time. For the fourth crop the rates of nitrogen 
application were increased to 0, 120, 240 and 480 pounds per acre respec- 
tively. A fifth crop was grown on 30 of the soils without further additions 
of fertilizers. 

The first and second crops were grown between October, 1956 and 
March, 1957 and .thus had artificial light and cool growing conditions. 
Crops 3 and 4, grown between May, 1957 and October, 1957, had natural 
light but high maximum temperatures. Crop 5 grew under conditions 
similar to those for the first crop. 
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Laboratory Studies 


For correlation studies of yield data from greenhouse and field trails 
with soil tests the following analyses were made on the 50 soils: 


1. Total nitrogen. The A.O.A.C. Kjeldahl method (3) was used, except that the 
ammonia was collected in boric acid and standard sulphuric acid used for titration. 
The total nitrogen content of the plant material from the first greenhouse pot 
test was also determined. 


2. “Available” nitrogen. Two methods were used: 

Method A—A method described by Truog et al. (12). To1 gm of soil ina Kjeldahl 
flask 1 gm. of an oxidizing mixture, consisting of 1:4 KMn0,: NaevCO; and 150 ml. 
of water, was added. Ammonia was distilled off, collected in water, and determined 
by Nesslerization. 

Method B—This modification of Method A employed 10 gm. of soil and 10 gm. 
of the oxidizing mixture. Ammonia was distilled off, collected in standardized 
acid, and determined by titration. 


3. Analyses involving nitrogen in nitrate form: 
(a) Nitrate nitrogen initially present in the soils as sampled in the field. 
(b) Nitrate nitrogen accumulating on incubation: 
(1) Using unleached soil incubated for 2 weeks at 28° C. 
(2) Using unleached soil incubated for 4 weeks at 15° C. 
(3) Using leached soil incubated for 4 weeks at 15° C. 
The incubations were in 16-ounce wide-mouthed bottles with one-hole stoppers, a 
mixture of 50 gm. of soil and an equal volume of vermiculite being maintained at 
50 per cent field capacity by adding distilled water to keep a constant weight. 
Nitrate nitrogen was determined by the phenoldisulphonic acid method according 
to Harper (8). 


4. Determination of ‘N’ values. Total nitrogen uptake by the first greenhouse crop 
was calculated for each of the four rates of applied nitrogen. For each soil a linear 
regression line was drawn relating uptake, plotted as ordinate, to rate of application, 
plotted as abcissa, and the ‘N’ value was determined according to the method of 
Munsen and Stanford (10). 


Field Tests 

Most of the soils used in the greenhouse were from field trials where 
drilled-in applications of nitrogen and phosphorus were being tested. Yield 
data from these trials were compared with data from the various laboratory 
tests to determine whether there were significant correlations. 

Yield data were also available from a group of 35 field trials involving 
mid-season nitrogen applications* to fields of wheat, oats, or barley showing 
signs of nitrogen deficiency. Soil samples from these fields were incubated 
at 28° C. for 2 weeks and nitrate accumulation measured and the amounts 
correlated with the crop yields expressed in hundredweight per acre. 


‘ 


RESULTS AND DISCUSSION 

Greenhouse Experiments 

The complete tabulation of tie yields of the 600 pots, and even of the 
averages for the 50 soils, is unnecessary here. However, the general trend 
of yields will be of interest. As an example of the results obtained the data 
for the eleven soils from the Dark Brown zone have been summarized and 
are shown in Table I. The data are typical of the responses to applied nitro- 
gen of all 50 soils with the exception of those from the Black zone, where, 
as might be expected, the increases were smaller. In the first crop, for 
example, the 12 Black zone soils produced average increases of 0.22, 0.34, 


*A problem under investigation by D. K. McBeath, Graduate Assistant 
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TABLE I.—AVERAGE YIELDS OF OAT CROPS GROWN ON THE DARK BROWN SOILS, GREENHOUSE 
EXPERIMENTS. (YIELDS EXPRESSED IN GRAMS PER POT OF OVEN-DRY PLANT MATERIAL) 




















Growing Special | Check Iyeing scan ide honey 
Crop | period treatment | yield Vie : increases from N application 
1 | Oct.-Dec. 30 Ib./ac. | 60 Ib./ac. | 120 Ib./ac. 


P.O; @ 50 Ib./ac. | 


i) 
tN 
~ 


| 
| 
| N at rates ———> | 
| 


+0.87 


| . | 
| +0.41 | +0.58 | 
2 | Dec.-Mar. | Nil | 1.82 | 


oo 
Nm 


+0.23 +0.49 +1.28 


| | 30 Ib./ac. | 60 Ib./ac. 120 Ib. /ac. 


3 ~ May-July (1) More N at—— 
| (2) Perlite 
| (3) P:O; @ 200 Ib. /ac. | 


| 
2.88 | +0.58 +0.99 +1.37 
— _ — — — | — — } ——E | — 
4 Aug.-Oct. More N at | 120 Ib. /ac. | 240 Ib. /ac. | 480 Ib. /ac. 
1.66 | +2.32 +2.85 | +3.40 





5 | Oct.-Dec. Nil 0.97 +0.13 +0.37 | +0.69 








and 0.50 gm. for the three nitrogen treatments. These increases are only 
half as much as those shown in Table I. In only 4 of the 50 soils (two Black 
zone and two Brown zone samples) were the yields for the 120 Ib./acre rate 
of application smaller than for the 60 Ib./acre rate, which suggested that a 
higher rate of application might be used. This was done for the fourth crop. 

The second crop showed the usual effects of growing the same crop 
in quick succession on a soil. The yields were much reduced, the physical 
condition of the soil impaired, and the response to residual nitrogen, except 
at the highest rate, considerably lowered. 

With improvement of the physical condition of the soils, by means of 
Perlite, with a liberal application of phosphate, and with a second application 
of nitrogen, the third crop was much improved. With few exceptions 
yields were higher than the first crop, both in check yield and increases 
due to nitrogen. The higher yields may also be partly due to higher 
temperatures and greater light intensity. Here again, however, the data 
suggested that a higher rate of application of nitrogen should be tried 
since in only 2 soils out of the 50 did yields drop off with the highest rate. 
Accordingly what would appear to be very heavy rates of application were 
used in the fourth experiment. Again, the check yield, with no phosphate 
and no nitrogen supplied, was much reduced. All rates of nitrogen more 
than doubled the yield, the highest rate actually tripling the yield for the 
soils shown in Table I. Similar results occurred in all cases, including 
Black zone soils. 

The very low yields of the fifth crop demonstrate how quickly these 
soils could be exhausted, particularly with regard to their nitrogen supplies. 
Again environmental factors of lower temperature and light intensity may 
have influenced yields. It is possible also that some nutrient other than 
nitrogen or phosphorus might have been in short supply for the fifth succes- 
sive crop in a 14-month period. 


Laboratory Studies 


Laboratory data for the 50 soils are summarized in Table 2. The 
total nitrogen content of the soils was used in verifying their classification 
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TABLE 2.—AVERAGE VALUES ACCORDING TO ZONE OF ANALYTICAL DATA FOR THE 
50 ALBERTA SOILS 























P.p.m. of nitrate N 
i. t tas eerie = After Incubation ms 
Zone of Total Viednartend = hod ‘N 
soils N = _| Init- |__ —— -eached | value 
Method | Method ially 2 wk. | 4 wk. 4 wk. 
f B 23° CIS. < 
Brown 7 0.16 175 247 22 66 45 54 218 
Dark 
Brown 11 0.22 192 258 12 61 38 51 140 
Thin 
Black 8 0.28 239 293 18 81 53 61 348 
Black 12 0.41 253 271 23 84 55 65 292 
Degraded 
Black 7 0.20 172 195 12 65 40 36 154 
Grey 
Wooded 5 0.28 183 197 6 72 38 41 185 





























TABLE 3.—CORRELATION COEFFICIENTS RELATING YIELDS AND YIELD INCREASES IN THE 
GREENHOUSE TO VARIOUS NITROGEN TESTS 






































Nitrate nitrogen 
Greenhouse *Available’ after incubation 
ot ~aawel ee nitrogen aaa me | 
Crop y ——— d Unleached Leached | valde 
arae | Method Method 2 wk. 4 wk. 4 wk. 
A B 7 se. sS° <.. 

i. Check yield + .308* + .349* + .546** +.597** +.545** | +.095 
Increase from 30 1b. N —.392** | —.154 — .432** | —.398** | —.139 —.727%* 
Increase from 60 Ib. N — .513** —.274 — .497** — .434** —.196 —.754** 
Increase from 120 lb. N —.395** | —.168 — .453** | —.429** | —.167 — .794** 

- Check yield +.703** _— +.801** | +.714** | +.521** - 
Inc. from residual N( 30) — .090 —_ —.144 —_ — | 
Inc. from residual N( 60) -- _— —.146 — - | = 
Inc. from residual N (120) —.355* _— — .301* —.301* — _ 

3. Check yield + .681** — +.654** | +.626** | +.570** _ 
Inc. from 30 1b. N — _ —.230 _— — — 
Inc. from 60 lb. N —.350* — —.400** .325* — — 

| Inc. from 120 Ib. N — .437** — —.381** | —.285* — 

4. Check yield +.748** —_ +.659 +.621** — os 
Inc. from 120 lb. N _— _— —.184 — _ — 
Inc. from 240 lb. N - _— —.125 — -_ 
Inc. from 480 Ib. N _— _ — .186 _ - — 

—_ ee _ — 1 eee queen serene er $$$ 
$. | Check yield + .619** — + .437* +.412* — — 
Inc. from residual N (120) — — + .063 —_ —_ - 
Inc. from residual N (240) — _— —.O011 — _ saa 
Inc. from residual N (480) — —.165 = _— _ 














*Significz 


ance at 5% level 


**Significance at 1% level 


and their characterization. 


soils is unusually high since the surface 6 inches of those soils seldom con- 











Comparison of total nitrogen content of the 
soils and greenhouse check yields demonstrated that this analysis is of little 
value in predicting yield for these soils. When compared with each other 
the various laboratory determinations show differing trends or relationships 
to the soil zones. The average value for total nitrogen of the Grey Wooded 
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tains as much nitrogen as Brown soils. The data for ‘available nitrogen” 
by both methods tend to parallel those for total nitrogen of the various 
zones. However, because of wide differences in nitrate initially present 
in the 50 soils, averages for that determination show little relationship 
to soil zones. This is probably due to differences in recent cropping history 
of the fields sampled. Nitrate accumulations after incubation are higher 
than might be expected for the Brown and Grey Wooded zone soils. How- 
ever, two exceptionally high values for Brown soils affect the average for 
that zone. Average ‘‘N’’ values show no zonal trend. 


The correlation coefficients between these various nitrogen tests and 
the greenhouse yields are given in Table 3. All correlations for the first 
crop were calculated but only selected ones for the remaining crops. Ex- 
amination of the coefficients shows that the greatest degree of correlation 
occurred between nitrate accumulation in unleached soils incubated 2 
weeks at 28° C. and check yields of the second crop, a highly significant 
value of 0.801 being obtained. This was to be expected since the first crop 
had exhausted the supply of available nitrates in all the soils and the yields 
of the second crop depended largely on the nitrate-producing power of the 
soils. As further crops were grown the correlation tended to be less marked 
since the supply of nitrogenous material for the unfertilized pots was re- 
duced with each successive crop and also because yields on the check pots 
became more variable. The 2-week incubation periods showed higher cor- 
relation values than the 4-week periods. No doubt the lower temperature 
used for the longer periods affected the rate of nitrification but it is also 
possible that nitrate production became erratic or was retarded after the 
first week or two. This occurrence has been recently reported by Eagle 
and Matthews (6) and was explained earlier by Allison and Sterling (1) 
as being due to production of nitric acid. 

Truog’s method (12) for measurement of ‘available’ nitrogen gave 
significant or highly significant correlation values for all crops but the modi- 
fication, Method B, showed little promise. The ‘N’ values likewise showed 
no correlation with the check yields of the first crop though they were 
negatively correlated at the 1 per cent level with increases in yields from 
application of nitrogen. 

Correlations between the various nitrogen tests and increases in yields 
from added nitrogen were mostly negative, as expected, and in several cases 
significant at the 1 per cent level. The failure of the fourth and fifth crops 
to show significant negative correlation between the incubation test and 
the added nitrogen is probably the result of the growth of five crops in 
rapid succession. In the case of many of the soils their nitrifying power was 
reduced to a low ebb and bore little relation to their initial status. Further- 
more deterioration of the soils physically resulted in greater variability 
of yields from soil to soil. 

The nitrates initially present in the soils were significantly correlated 
with the check yields of the first and second crop, the coefficients being 
+.474** and +.704** respectively. These values are lower than the ones 
for yields and nitrates after incubation. It was possible also to express the 
amount of nitrogen converted to nitrates in the incubation tests as a per 
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TABLE 4.—CORRELATION COEFFICIENTS RELATING YIELDS AND YIELD INCREASES IN FIELD 
TRIALS, 1955 AND 1956, TO VARIOUS NITROGEN TESTS 


l 
| Nitrate nitrogen 


Field trial | ‘Available’ after incubation 

















yield correlated | nitrogen | Unleached ‘N’ 
with soil Pa : a value 
test (Method A) tah | on 4 aie 
, ee... | Se. a <. 
Senne oe cecil iccatiectelceakaa a cuamianiacan cee = ensiai 
| | | | 
Without added P:Os | | | 
Check yield | + .267 | +.100 | +.185 +.228 | 
Increase from N 
(a) At low rate (1) +.003 | —.016 | —.059 | 4.143 | —.257 
(b) At high rate (2) | — 000 = 250 | —.105 | -—.016 | — 
| | | 
With P20; at 20 lb./ac. | | | 
Check yield _- + .158 -- — 
Increase from N 
(a) At low rate (1) — — .237 | — _— - 
(b) At high rate (2) — -.320 | — sae i 
| 





(1) Includes treatments applying 33 Ib. /ac. or less 
(2) Includes treatments applying over 33 Ib./ac. usually 67 Ib./ac. 


TABLE 5.—CORRELATION COEFFICIENTS RELATING YIELDS AND YIELD INCREASES IN FIELD 
TRIALS, 1957, TO NITRATE-NITROGEN ACCUMULATION 





| 
Field trial yield correlated with 





NO;-N accumulation in 2 weeks @ 28° C. | No. of tests 7 
Check yield 35 | +.517** 
Increase from 20 Ib. N/ac. 35 — .073 
Increase from 40 Ib. N /ac. 35 + .051 
Increase from 60 Ib. N /ac. 35 + .127 





**Significance at 1% level 


cent of total soil nitrogen. This per cent of nitrogen mineralized was also 
correlated with first and second crop check yields. The coefficients obtained, 


+.497** and .312*, were again lower than those relating yields to nitrates 
after incubation. 


Field Tests 


The field trials provided data for wheat, oats, and barley. All data 
were converted to hundredweight per acre and correlated with the laboratory 
analyses. The results, given in Table 4, show no significant correlations, 
although the trends resemble the pattern of correlations between green- 
house results and laboratory analyses. The lack of significant correlation, 
however, might have been due to variations in recent cropping history and 
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to wide variations in weather since the trials were widely scattered. The 
data suggest the desirability of uniform field conditions and comparable 
growing seasons if good correlations are to be obtained between laboratory 
analyses and field trials. 


The 35 field tests involving mid-season applications of nitrogen 
were uniform in design, covered a fairly narrow range of soil types, and were 
subject to similar weather conditions. It is likely that these more uniform 
field conditions contributed to the significant correlation found between 
field check yields and nitrate accumulations in the laboratory, as shown in 
Table 5. The fertilizer applications, however, did not cause a uniform 
increase in yield, the effect ranging all the way from none at all to a doubling 
of the yield. Consequently there were no significant correlations between 
increase due to fertilizer and the soil test. The study did show, however, 
the degree to which a nitrate accumulation test can be used to predict 
yields under these circumstances. It is doubtful if the correlation would 
have been so high if the samples of soil had been taken from cropped 
fields at random rather than from only those showing nitru.sen deficiency. 


CONCLUSIONS 


The use of some type of incubation test for producing nitrates in 
soils appears to offer the most promise in assessing the nitrogen requirements 
of Alberta soils. None of the other laboratory determinations—total 
nitrogen, nitrate nitrogen originally present, ‘available’ nitrogen, or ‘N’ 
values—appears to be as potentially useful for predicting the nitrogen 
needs of Alberta soils. Furthermore incubation tests are fairly simple 
to carry out, though careful attention to standardized conditions is needed. 
In spite of their superiority, however, these incubation tests are not infallible. 
Their broader and continued use on the same soils will probably result in a 
more useful interpretation of the information provided. 
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EXCHANGEABLE AND WATER-SOLUBLE POTASSIUM IN 
SOILS AND DEGREE OF SATURATION IN RELATION TO 
TOMATO YIELDS! 


R. L. HALSTEAD AND H. B. HEENEY 


Canada Department of Agriculture, Ottawa, Ontario 


ABSTRACT 


In 33 field trials on soils varying in texture from sandy loam to clay loam 
in Prince Edward County, Ontario, exchangeable potassium, per cent 
potassium saturation, and water-soluble potassium were significantly cor- 
related with yield response of tomatoes to potassium fertilizer on the sandy 
loam soils, but there was no correlation within the loam and clay loam groups. 
The mean c; value in the modified Mitscherlich equation relating exchangeable 
potassium to yield response within the sandy loam group was 0.00555 and the 
coefficient of variation was 19.8 percent. The corresponding coefficients for 
¢; values based on per cent potassium saturation and water-soluble potassium 
were of greater magnitude. The amounts of potassium soluble in boiling 1 N 
HNO; were not related to yield response. 


Exchangeable potassium and the non-exchangeable form soluble in boiling 
1 N HNO; increased, whereas water-soluble potassium decreased with in- 
creasing clay content of the samples. Water-soluble potassium was signif- 
icantly correlated with per cent potassium saturation within the sandy loam 
and loam groups. 


INTRODUCTION 


Fertilizer experiments were conducted during the period 1950-1955 in 
Prince Edward County, Ontario, to calibrate soil tests with phosphorus 
and potassium requirements of the tomato crop. Proportionality con- 
stants (c; and c) in the equation relating soil test value and phosphorus 
requirement were reported earlier (3). 

This paper describes the relationship between potassium content of the 
soil and the response of the crop to potassium applications. Values for 
exchangeable potassium, per cent potassium saturation, water-soluble and 
non-exchangeable potassium are discussed in relation to each other, to 
soil texture and to tomato yield. 


MATERIALS AND METHODS 


Fields varying in fertility levels were selected on growers’ properties 
on soil types described elsewhere (6). There were 33 trials, consisting of 
5 in 1950, 5 in 1951, 10 in 1952, 6 in 1953, and 7 in 1955. Two treatments 
were selected to supply adequate amounts of particular nutrients: (a) 
nitrogen at 60 pounds N and phosphorus at 360 pounds P:O; per acre; 
(b) same as (a) plus potassium at 300 pounds K;O per acre. The treat- 
ments were replicated three times and were applied broadcast 10 days 
before planting. Varieties grown in the different trials included Long Red, 
Geneva John Baer and Ferguson. Yields were taken at approximately 
weekly intervals from 18 plants in a 0.012-acre plot and included all market- 
able fruits reaching maturity by the first frost. 





‘Joint contribution from the Chemistry Division, Science Service, and the Horticulture Division, Experi- 
mental Farms Service, Canada Department of Agriculture, Ottawa, Ont. Contribution No. 422, Chemistry 
Division, and Scientific Contribution No. 953, Horticulture Division. 


129 





130 CANADIAN JOURNAL OF SOIL SCIENCE 


[Vol. 39 





Analyses were made on soil samples taken before fertilizers were 
applied in the spring. Percentages of sand, silt, and clay were determined 
by the Bouyoucos hydrometer method (1). The pH was determined by 


TABLE 1.—MECHANICAL ANALYSIS AND SOME CHEMICAL CHARACTERISTICS OF THE SOILS 











Statistic Sand Silt Clay Exchange H 
eaanomas 2.0-0.05 mm. 0.05-0.002 mm. <0.002 mm. capacity P 
% % % | me./100 gm. | 
Sandy loams (11)! 
Mean 62 26 | 12 9.7 6.7 
Range—Low 54 19 7 6.6 5.5 
High 71 36 18 13 7.5 
S.D. 6 5 } + | 2 0.6 
Loams, silt loams and sandy clay loams (11)! 
Mean | 41 38 | 21 15.8 6.9 
Range—Low 23 25 12 $1.7 6.0 
High 52 65 27 24.5 7.4 
S.D. 14 14 4 3.8 0.5 
Clay loams (7)! 
Mean 28 37 | 35 2.5 7.1 
Range—Low 23 29 31 18.6 6.5 
High 38 41 37 31.9 7.6 
S.D. 5 5 2 4.5 0.4 
‘Number of samples is denoted in brackets. Complete data were not available for 4 a the trials. 
TABLE 2.—POTASSIUM IN THE SOILS 
Exchange- K | H.O- site 
Textural group | Statistic able | satura- | soluble wey 
K | tion | K ae: 
| K 
| me./100 gm. % | me. /100 gm. 
| | 
Sandy loams | Mean 0.18 2.0 0.032 0.77 
(12 samples) | Range—Low 0.09 1.0 | 0.012 0.19 
High | 0.30 3.0 0.062 1.37 
S.D | 0.07) | O08 | 0.019) 0.37 
Loams, etc. Mean 0.20 1.4 0.012! 1.78 
(12 samples) | Range—Low | 0.07 | 0.6 | 0.008} 0.32 
High | Re 7 Bs 0.023 3.17 
S.D. | 0.08 0.6 0.005 | 0.87 
Clay loams Mean | 0.33 | 1.4 | 0.008} 2.823 
(9 samples) Range—Low 0.21 0.9 0.007 | 0.99 
High 0.52 2.9 0.010 4.26 
S.D. | 0.09 0.6 | 0.001} 1.32 
M.S. between groups | | 
All soils — =F} 11.4* | 29 1 ae | ie 
} 


M.S. within groups 


1Based on 11 samples only; insufficient sample 
2Based on 8 samples only; insufficient sample 
*Significant at P = 0.05 
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means of a glass electrode using a 1:1 soil: water ratio. Exchange capacity 
and exchangeable potassium were determined by the procedures of Peech 
et al. (5). Water-soluble potassium was extracted by shaking a 1:2.5 
soil:water suspension for a 24-hour period. The method described by 
T suse and Bertramson (7) was used to extract non-exchangeable potassium. 
Fc 'assium in the extracts was determined with a Model 146 Perkin-Elmer 
flan photometer using lithium as an internal standard. 


RESULTS AND DISCUSSION 


Potassium in Soils 

The soils were considered in three groups: 1) sandy loams; 2) loams, 
silt loams, and sandy clay loams; and 3) clay loams, in accordance with 
results of mechanical analyses. Table 1 shows that higher mean values 
for exchange capacity of textural groups were associated with higher 
mean values for clay content. The correlation coefficient relating exchange 
capacity and per cent clay for all soils (+0.843) was significant at the 
1 per cent level. The individual soils varied from moderately acid to mildly 
alkaline in reaction. 


TABLE 3.—RELATIONSHIP BETWEEN DIFFERENT FORMS OF SOIL POTASSIUM 








All soils Sandy loams_ | Loams, etc. Clay loams 
Relation —— - ——| — - —_——. 
| D.F. r D.F. r D.F. r | D.F. r 
7 Se ee = i | : eee ee a 
Exch. K vs. non-exch. K | 30 ; +0.75 | 10 +0.18 10 +0.84* 6 +0.81* 
| } | 
. . | | | | 
H,0-sol. K vs. exch. K | 29 0.00 | 10 +0.73* | 9 | +0.70* | 6 | -0.20 
H:0-sol. K vs. % K sat. | 29 | +40.80* | 10 +0.87* 6 | —0.14 
1 | 





9 | +0.73* 
| } 





*Significant at P = 0.05 


TABLE 4.—YIELD OF TOMATOES 








Mean yield \Percentage yield 
Textural group Statistic NP x 100 
NP | NPK | ———— 
NPK 
| | P 
bu./acre 
| | | 
Sandy loams (12 trials) | Mean } 211 253 | 83 
Range—Low | 97 138 | 62 
High | 369 436 104 
S.D. 85 | 91 12 
Loams, etc. (13 trials) Mean 228 278 83 
Range—Low 161 195 64 
High 449 527 105 
S.D. 77 89 10 
Clay loams (8 trials) Mean | 200 253 | 7 
Range—Low | 137 176 57 
High 32° 379 87 
S.D. 
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SANDY LOAMS 


H20 — SOLUBLE K (ME/100 GM.) 


SANDY LOAMS @ 
LOAMS ° 
CLAY LOAMS x 


1.0 2.0 3.0 4.0 
PER CENT K SATURATION 


FicurE 1. Relationship between water-soluble K and per cent K saturation. 


The data in Table 2 for soil potassium show that the variation between 
textural groups was significantly greater than that found within groups, 
except for per cent K saturation. Mean values for exchangeable and 
non-exchangeable potassium increased, whereas those for per cent K 
saturation and water-soluble potassium tended to decrease with increase in 
clay content. Correlation coefficients based on all soils, showing the 
relation of exchangeable, non-exchangeable, and water-soluble potassium 
to clay content, were +0.60, +0.74 and —0.66 respectively, and were 
significant at the 5 per cent level. 

Table 3 shows there was a significant correlation between exchangeable 
and non-exchangeable potassium, except within the sandy loam group. 
When all soils were considered in the correlation, water-soluble potassium 
was significantly correlated with per cent K saturation but not with 
exchangeable potassium. Within the sandy loam and loam groups, how- 
ever, water-soluble potassium was significantly correlated with exchangeable 
potassium and with per cent K saturation. Within the clay loam group, 
water-soluble potassium did not vary greatly and was not related to the 
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exchangeable form or to the degree of potassium saturation. The relation- 
ship between water-soluble potassium and per cent potassium saturation, 
illustrated in Figure 1, varied with texture, and the difference between the 
regression coefficients for the sandy loam and loam groups was significant. 
With a unit increase in per cent K saturation, the increase in water-soluble 
potassium per 100 grams of soil was 0.021 me. for the sandy loam as com- 
pared with only 0.005 me. for the loam group. 


Relation of Soil Potassium to Yield 

The yields of tomatoes as well as estimates of variability occurring 
between trials within the textural groups are presented in Table 4. The 
yields in different trials within textural groups varied greatly but differences 
between mean values for the different groups were relatively slight. The 
relationship between crop response to applied potassium and soil texture 
was somewhat different from that usually encountered. As shown by 
percentage yield, the response for the clay loam group tended to be greater 
than that for the loam and sandy loam groups. 


The data in Table 5 show that only within the sandy loam group was 
there any significant correlation between exchangeable potassium and 
yield response to applied potassium. There was no significant correlation 
between per cent potassium saturation or water-soluble potassium and 
yield in the loam or clay loam groups but the correlation coefficients for 
the sandy loam group were significant. When the sandy loams were 
considered with the loams and clay loams the whole group showed signif- 
icant correlations for these two potassium measurements. 


Mean c; proportionality constants calculated from the data using 
the modified Mitscherlich equation to express the relationship between 
soil potassium values and yield response are presented in Table 6. Standard 
errors of estimate for curves represented by the equation are included in the 
table. The relationship between exchangeable potassium and yield 
response for the sandy loam soils was reasonably satisfactory. Inclusion of 
the loam soils with the sandy loams did not alter the mean c; value appreci- 
ably, but resulted in a marked increase in the variability of the individual c, 
values comprising the mean. The correlation coefficient relating ex- 


TABLE 5.—RELATION OF SOIL POTASSIUM VALUES TO YIELD OF TOMATOES! 











Log. (100-% yield) vs: 

















Nl 
_ 
Soil | 





Exchangeable K | %Ksaturation | H.0-soluble K 
DF. r | DF. r DF. r 
All soils 28 —0.18 28 —0.51* 26 ~0.49* 
Sandy loams 8 —0.80* 8 —0.89* 8 —0.78* 
Loams, etc. 9 -0.37 9 —0.18 8 —0.12 
Clay loams 7 —0.05 7 —0.33 6 0.38 


Senge ca a a 


jLhree tests showing little or no response to applied potassium were omitted. 


Significant at P = 0.05 
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TABLE 6.—MEAN C; VALUES FOR EQUATION RELATING SOIL POTASSIUM AND YIELDs! 


Soil test | No. of S.E. of | Mean S.E. of Coefficient 
7 | comparisons estimate C; values mean of variation 


Exchangeable K 


Sandy loams ) 00555 0.00035 
Sandy loams + 


loams, etc. 00576 | 0.00047 
% K saturation 


Sandy loams 0.0320 
All soils ; | 0.0514 


H.O-soluble K 


Sandy loams 10 14.4 0363 0.0055 
All soils 28 i4 0743 0.0075 


1Equation is Log (100-y) = Log 100 cibi where y is percentage yield, bi is soil test value, and ¢ isa 
proportionality constant. 


changeable potassium in the sandy loam and loam soils with yield response 
was —0.59 and was significant. In the sandy loam group, the indices of 
dispersion indicate that exchangeable potassium was the best measure of 
soil potassium and water-soluble potassium was the poorest. In discussing 
the relative merits of exchangeable potassium and degree of potassium 
saturation, Morani (4) suggests that a method be used which constitutes a 
middle course between the use of exchangeable potassium and that of the 
degree of saturation. When all soils were considered, the c; values for 
per cent potassium saturation and water-soluble potassium were different 
in magnitude and were more variable than corresponding values obtained 
within the sandy loam group. 

There was no significant correlation between total or non-exchangeable 
potassium extracted with boiling HNO; and yield response within any of 
the textural groups or on all soils. This was not surprising since non- 
exchangeable potassium was correlated with exchangeable potassium in the 
loam and clay loam groups but not in the sandy loam group, which, in 
contrast to the other groups, exhibited a significant correlation between 
exchangeable potassium and yield response. 


In this investigation none of the soil potassium measurements was 
satisfactory for predicting response of the tomato crop to potassium 
fertilizer on the whole group of soils. The results, however, emphasize the 
advantage of interpreting such data in relation to soil texture. For example, 
exchangeable potassium, per cent potassium saturation and water-soluble 
potassium were not correlated with yield response in the loam and clay 
loam groups, but showed significant correlation within the sandy loam 
group. The mean c; value (0.000555 + 0.00035) for exchangeable potas- 
sium within the sandy loam group may be expected to be satisfactory for 
diagnostic purposes on the sandy loam soils in the area. The relationship 
of soil potassium to yield response on the loam and clay loam soils requires 
further testing. 
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* ABSTRACT 


The clay mineralogy of the humate and KCI floc fractions separated from 

a Dark Brown Chernozemic and a Podzol soil by the Tyulin method was 
. : studied. The predominant minerals, montmorillonite and illite, and small 
Hf ? amounts of kaolinite appeared in all fractions. The smaller-sized and less 
‘ well-crystallized clays were concentrated in the humate fractions. In 

general, the podzol colloids contained more “‘free’’ iron and aluminium than 

the chernozem colloids, and the humate fractions in both contained more 

than the KCl floc fractions. From studies of the organic matter after 
treatment with dithionite and EDTA, it appeared that amino groups were 

involved in the union between organic matter and the inorganic constituents. 


eee. 


INTRODUCTION 


a ee, 


~* 


_ There have been a number of studies of the organic-inorganic colloids 
of soils using the Tyulin method of fractionation (15) in which the humus- 
inorganic complexes are separated into groups by relatively mild means. 

° ‘studies of the organic (11, 13) and inorganic constituents (2, 3) gave no 
: indication of the reason for the separation of the colloids into the various 
sroups. Recently, however, Moorthy et al. (9) have reported that differences 

, in the clay mineralogy may be responsible. They incubated montmoril- 
nite, illite, kaolinite and the freshly precipitated oxides of iron, aluminium 
4nd silicon with farmyard manure and sand for 2 months and then separated 
whe colloids. Montmorillonite favoured the formation of the Group 1 
gclloids followed in decreasing order by illite, kaolinite and the silica mixture. 
Whe FeO; mixture gave slightly more Group 2 than Group 1 colloids 
Phy in no case was the proportion of Group 2 as high as in their acid hill 


sae 


Se a DT Se at 


we 
- 


-SRee-o 
~ er ger 
> 


SS 


By soil gave very great differences in the ratio of these groups. It 
ed worthwhile to study the clay mineralogy of the groups in order 
& if the hypothesis of Moorthy et al. (9) applied in this case. «Work 
Sted by Mukerjee (10) and Beutelspacher (5) has shown that calcium 
on may be involved in the adsorption of humus on clay. Furthermore, 
yere indications (14) that the amino acids at the end of the peptide 
"¢which one would normally expect to find free in soil organic matter, 
-ked but become reactive if the inorganic elements are removed. 
ied of interest to determine the “‘free’’ hydrous iron oxides (1) 
Fe samples and to investigate the possibility that amino groups 
evo ved in the union of humus-inorganic complexes. 
I 


werib on No. 423, Chemistry Division, Science Service, Canada Department of Agriculture, 
ent. * 
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GROUP | suspension 


Soil + NaCl (pH 7) 







NaOH (pH 8-5) 
KCI (15 gm./L 


Group! HF, 


, t i 
residue ppre suspension 


+0-004N NaOH 0-OIN HCL 
0-OIN NaOH 
KCI 













Group! HF, 


suspension 
Group! KCI floc 
ppte 


GROUP 2a suspension 








Group 2a HF 


suspension 














residue O-OIN HCI 
+0-O1N HCI 0-OIN Na OH 
+0-01N NaOH KCI 
Group 20 HF, 
suspension 
Group 2a KCI floc 
ppte 
GROUP 2b suspension 
KCI 
resid 


Group 2b HF 
suspension 
Group 2b KCI floc 
ppte 


FicuRE 1. Flow sheet showing the Tyulin method of fractionation of soil colloids. 


MATERIALS 


The colloid fractions studied were from a Dark Brown Chernozemic 
soil from Scott, Saskatchewan, and a Podzol from Lennoxville, Quebec. 
The.samples included the humate and KCI floc fractions of the Group 1, 
2a and 2b colloids described previously (13). For convenience, the method 
of fractionation (2, 15) is shown in flow-sheet form (Figure 1). 
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FiGuRE 2. X-ray diffraction patterns of glycol-treated oriented specimens of six 
organic matter-free fractions from the Scott and Lennoxville soils. 


METHODS AND RESULTS 


Clay Mineralogy 

The five humate fractions and the three KCI floc fractions were 
treated with H,O, to remove organic matter. No difficulty was experienced 
with the Scott samples, but the Lennoxville samples were found to be 
refractory. The latter were treated with sodium dithionite and, after 
washing to remove the liberated iron, the remaining organic matter was 
easily oxidized. Oriented specimens of the Ca-saturated clays were prepared 
and after glycolation and heat treatments (6), X-ray diffraction patterns 
were obtained using a Norelco diffractometer with Fe-filtered Co radiation. 

In both the Scott and Lennoxville clays the predominant clay minerals 
were illite and montmorillonite. Both contained small amounts of kaolinite 
and the Lennoxville contained small amounts of chlorite. Thus, in spite 
of the difference in the proportions of the humate fractions’ between the 
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Scott and Lennoxville (11, 13), the clay mineralogy of the two soils was 
similar. Furthermore, there was no detectable difference in amounts of 
the clay minerals among the humate fractions or among the KCl floc 
fractions. 

The humate fractions differed only slightly. The intensities of the 
reflections increased somewhat from Group 1 to Group 2a to Group 2b 
in both soils, and the Scott Group 1 gave an exceedingly weak diffraction 
pattern (Figure 2). In addition, the Scott Group 1 showed evidence of 
an impeded collapse of the montmorillonite layers upon heating at 300° C. 
and 450°C. and this impeded collapse was less pronounced in going from 
Group 1 to Group 2b. This suggests the occurrence of organic material 
between the layers which would prevent collapse until it has been burned 
or pyrolyzed. The KCI floc fractions, in addition to having a lower organic 
matter content (13), showed much sharper and more intense illite and 
kaolinite peaks and weaker montmorillonite reflections than the corres- 
sponding humate fractions. 


These differences corresponded to those often found between different 
size clay fractions. The diffraction patterns of the humate fractions, 
with their weak intensities, broad diffuse peaks and concentration of 
montmorillonite, resembled those of fine clay fractions. The KCl floc 
fractions with strong diffraction patterns and quartz and feldspar had 
characteristics of well-crystallized coarse clay material. 

Electron microscope examination of the fractions corroborated this 
viewpoint (Figure 3). The clay minerals in the first humate fraction of 
both soils were fine grained, had irregular crystal boundaries and had a 
marked tendency towards aggregation. Those of the Group 1 KCl floc 
fractions were larger, subhedral in crystal form and had less tendency to 
aggregation. The same general relationship was shown by the other 
humate and KCl floc fractions. A possible explanation for the sharp, 


intense illite reflections in the KCI floc fractions is fixation of the potassium 
from the KCI. 


Organic Matter 


It appeared to be of interest to examine for free amino groups the 
organic matter brought into solution when the free oxides were removed 
with dithionite. The method of removing the free oxides probably would 
not cause extensive degradation of the peptide chain. The organic material 
in the supernatant from 0.3 grams of the Lennoxville Group 2a first humate 
fraction resulting from the removal of free oxides by dithionite was selected 
for study. This was analysed for free amino groups by the methods de- 
scribed by Fraenkel-Conrat et al. (7) with the changes necessary to adapt 
them for use with soil organic matter. The large amount of dinitrophenol 
formed as a by-product of the fluorodinitrobenzene reaction, was removed 
by the method of Isherwood et al. (8). A number of free amino groups 
were found: the dinitrophenyl derivatives of aspartic and/or glutamic 
acid, glycine, @-alanine, valine, leucine and perhaps the di-and €-derivatives 
of lysine appeared to be present. 

To investigate further the possibility that removal of the inorganic 
elements would free some amino groups of soil organic matter 2.0 grams 
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Ficure 3. Electron micrographs of selected clays from the Scott and Lennoxville 
clays. (2200 X). 


of the same sample were treated by the method used by Solomons and 
Irving for the combined demineralization (with EDTA) and dinitrophenyla- 
tion of hard tissues (12). A number of modifications were necessary to 
adapt this method to soil problems and both the supernatant liquid from 
the various treatments and the precipitate were examined for dinitropheny] 
derivatives. About the same DNP-amino acids were tentatively identified 
from both the supernatant and precipitated materials as from the super- 
natant from the dithionite treatment. However, the yields appeared 
to be lower and there was some evidence that DNP-serine and DNP- 
threonine were present. These results indicated that, if the soil organic 
matter were demineralized, amino groups were set free. The high yields 
of DNP-derivatives and the absence of DNP-serine and DNP-threonine 
may indicate that a slight destruction of the organic matter took place 
in the dithionite treatment. 





ee 
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TABLE 1.—FREE IRON AND ALUMINIUM CONTENT OF COLLOID FRACTIONS 


—{— —————_—_—_—_—_———_— 











| 
soll Wt. of | Wt. of  Fe2Os} % FexOs | % AhkOs| % AlOs 
} gm. eT om. clay*/100 gm. | clay/100 gm. gm. gm. | /gm. 
- | fraction gm. soil | fraction | clay | fraction clay 
eo pa a : ‘ _ 
Scott | 
| | 
gpi HFi* | 2.6 | 61.5 1.60 | 2.61 4.24 1.96 3.19 
HF 0.4 | 36.8 0.15 | 2.93 7.96 | 0.49 1.33 
gp 2a HF: 2.3 63.2 1.45 2.74 4.34 1.39 2.20 
HF2 0.3 58.3 0.17 2.96 5.08 0.99 1.70 
gp 2b HFi 0.3 43.3 0.13 2.37 5.47 0.43 0.99 
| 
gp1 KCl 5.7 91.1 5.19 | 3.12 3.42 1.38 1.51 
2a KCl 5.5 86.4 75 | 2.4 3.03 0.84 0.97 
2b KCl 1.5 83.2 1.25 3.12 3.75 1.12 1.35 
Total gp 1 8.7 | 2.95 3.88 1.51 2.00 
gp 2a | 8.1 | 2.66 3.48 1.00 1.35 
gp 2b | 1.8 | 3.00 4.03 1.00 1.29 
. | i | 
| 
Lennoxville } 
gpi HF: 0.3 24.8 07 | 2.24 | 9.03 1.06 4.27 
HF: 0.2 43.1 0.09 | 5.28 12.25 0.68 1.58 
gp 2a HFi 6.9 38.6 | 2.66 5.73 4.84 1.47 3.81 
HF 0.2 36.9 0.07 | 6.43 17.43 0.77 2.09 
gp 2b HF 1.5 47.7 |} 0.72 | 4.34 9.10 1.10 2.31 
| | 
gpi KCl | 1.7 89.8 0.63 | 4.78 | §.32 1.31 1.46 
2a KCl } 1.4 | 67.7 | 0.95 6.60 9.74 1.53 2.26 
2b KCl 0.2 | 73.8 0.15 | 7.24 9.81 1.36 1.84 
Total gp 1 2:3 | | 4.23 7.42 1.14 2.19 
gp 2a 8.5 |} §.83 | 13.93 1.45 | 3.49 
gp 2b a7 4.69 | 9.19 $.33 2.26 











*“Clay”’ refers to the total inorganic portion, i.e. 100 — loss on ignition, 
** HF—humate fractions. 


Free Oxides 

The free oxides were separated by the method of Aguilera and 
Jackson (1) and the iron and aluminium brought into solution were 
determined by titrating with EDTA (4). In Table 1, it may be seen 
that the Lennoxville colloids had a higher free iron oxide content than 
had the Scott samples when calculated on the basis of the ‘‘clay”’ content. 
In general, with both soils, the humate fractions tended to have a higher 
content of iron than did the KCI floc fractions. This may indicate that 
a portion of the iron oxide is combined with the organic matter. The 
differences in the aluminium contents are less evident but the same trends 
may be present although not to the same degree. 


DISCUSSION 


From the vast difference in amounts found in Group 1 and 2 colloids 
of the Scott and Lenndxville soils (13), one might expect a large difference 
in the clay mineralogy of the two soils, if the hypothesis of Moorthy 
et al. (9) held in this case. The clay mineralogy of each of the groups was 
found to be similar and there was no indication of a segregation of the 
minerals between Group 1 and 2 colloids. Within each of the groups, the 
humate fractions differed from the KCI floc fractions in having a finer 
particle size. It would appear that there was partial flocculation of the 
colloids with KCI with the result that the finer material remained in 
suspension in both Group 1 and 2 colloids. 
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Previous work (11, 13) had shown that there was little difference 
in the organic matter of the different fractions of a soil separated by 
the Tyulin method. Since neither the organic matter nor the clay miner- 
alogy apparently offers a clue to the reason for the separation of the Group 1 
or 2 colloids, one is led back to the suggestion by Tyulin that inorganic 
constituents are responsible. The Lennoxville fractions contained more 
than double the amount of free iron and slightly more extractable aluminium 
than the Scott. The Group 2a colloids of the Lennoxville yielded twice 
as much Fe,OQ; as the Group 1 colloids. And finally, it was found that 
the free iron oxides had to be removed from the Lennoxville fractions 
before the organic matter could be easily oxidized by H.O:. There is 
evidence that the amino groups of protein or protein-derived material 
may be involved in the union between organic matter and the hydrous 
oxides, since removal of the iron with dithionite or EDTA evidently 
made these groups more reactive to fluorodinitrobenzene. The fact that 
a similar mixture of iron and aluminium compounds, organic matter 
and clay was present in all the humate fractions and KCl flocs (though 
in different proportions) gives strong support to the picture of soil colloids 
as organic matter-amorphous inorganic material-clay complexes. 

From this work and from that of Mukerjee (10) and Beutelspacher (5), 
a tentative hypothesis to explain the separation of the colloids into the 
various groups is proposed. Organic-inorganic complexes are formed and 
stabilized in each soil at least partly by the mineral elements Ca, Fe and 
perhaps Al. When the calcium is removed by leaching with NaCl, the 
Ca-complexes are broken and, on dispersion with water, are separated 
as the Group 1 colloids. The Lennoxville contains very much less of these 
Ca-stabilized complexes than the Scott, and hence has much less Group 1 
colloid. On dispersion in 0.004 N NaOH some of the Fe-stabilized aggre- 
gates are broken up and are separated as the Group 2a colloids. Most 
of the colloidal material of the Lennoxville soil occurs as complexes of this 
type. After washing with 0.01 N HCl and on dispersion with 0.01 N 
NaOH further complexes are broken up and the Group 2b colloids are 
obtained. The 2nd humate fractions of Groups 1 and 2a are obtained 
from the KCl flocs after the mineral element-stabilized complexes are 
washed with 0.01 N HCl and treated with 0.01 N NaOH. In none of 
these separations is the break-up of the organic-inorganic element-clay 
complexes complete since all components are found in all fractions in 
spite of the difference in yield of the groups. However, the finer, less 
well-crystallized clays tend to appear in the humate fractions and the 
larger and well-crystallized clays in the KCI flocs. 
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ABSTRACT 


The ability of soil to produce nitrate nitrogen was determined by an 
incubation method and values obtained were related to potato yields at 21 
experimental locations by Bray’s modified Mitscherlich equation. The 
mean C; value (proportionality constant) for a total of 58 tests, which included 
three varieties during a 2-year period, was 0.0182. The standard error of the 
mean was 0.0014. While differences between c; values for years were not 
significant, differences between locations and varieties were. When the 
soils were grouped, the c; values for those from the Annapolis Valley were 
approximately twice those for soils from the adjacent North and South 
Mountains, and the values within each group were remarkably uniform. 
The appropriate equations for relating soil test values and crop yields were 
log (A-y) = log A — 0.0112b; and log (A-y) = log A — 0.0204b; for Mountain 
and Valley soils respectively. 


INTRODUCTION 


In order that soil test values may provide a satisfactory basis for 
fertilizer recommendations, the methods by which they are determined 
must be calibrated experimentally from crop response. Mitscherlich’s 
diminishing increment yield curve (13) is one of the best known examples 
of mathematical calibration based on theoretical considerations, and 
although the universal application of one proportionality constant (14) 
cannot be accepted, this type of function is usually obtained if a sufficient 
range of nutrient supply is considered (4, 7, 12, 14). 

Renewed interest in Mitscherlich’s yield curve has resulted from 
Bray’s suggested modification of the relationship (4, 6) to the following: 


log (A-y) = log A — cb; + cx 


where A represents the maximum yield (100 per cent) obtainable with 
respect to a given nutrient, y is the observed yield (as per cent of the 
maximum) when ), is the soil test value and x is the quantity of nutrient 
applied. The terms c and ¢ are proportionality constants which must be 
established by experiment. Bray advocated the comparison of yields on a 
percentage basis as it tends to eliminate the influence of other growth 
factors and reduces yields from different experiments to a common scale. 
In support of this contention, Arnold and Schmidt (2) found that soil tests 
gave higher correlations with percentage than with absolute yields. 

The necessary constants in the Bray equation have been reported for 
some crops with respect to their phosphorus and potash requirements, 
and their successful application has been demonstrated (1, 5, 11, 17). 





1Contribution No. 1009 from the Research Station, Kentville, N.S. Presented before the Canadian 


Society of Soil Science, Wolfville, N.S., June 26, 1958. 
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The objectives of the present investigation were to relate the nitrate- 
producing ability of some Nova Scotia soils to the yield response of the 
potato by means of the Bray equation and to examine the influence of 
such factors as soil properties, years and varieties on the reproducibility 
of the derived constants. In this paper rate of application is not a variable 
so that the x term in the previous equation becomes zero, and the expres- 
sion reduces to: 

log (A-y) = log A — cibi 


MATERIALS AND METHODS 


Three varieties of potatoes, Kennebec, Netted Gem and Sebago, were 
grown at 21 locations over a 2-year period (1956-57), and the yields from 
plots receiving phosphorus and potash but no nitrogen (PK treatment) 
were expressed as percentages of those from adjacent completely fertilized 
plots (NPK treatment). The basic fertilizer rate was 3000 lb./acre of 
6-12-12 applied broadcast, which was assumed to supply sufficient nitrogen 
on the NPK plots. Treatments were replicated three times at most loca- 
tions and plots consisted of four rows, 30 feet long, yields being taken from 
20 feet of the two centre rows. 


The plot locations represented a variety of past management practices 
with regard to crops grown and fertilizer, liming and manurial treatments. 
In no case was stable manure applied for the experimental crop of potatoes. 
The soils of the experimental sites can be conveniently grouped as follows: 
(a) Mountain soils, which include those on the mountains north and south 
of the Annapolis Valley and which are high in organic matter and silt 
content in comparison with those of the other series; (b) the Canning 
series, which are fine textured sands; (c) the Woodville series, which are 
well drained sandy loams and are considered locally as excellent potato 
soils; and (d) the Kentville series, which are similar to, but finer textured 
than the Woodville series. (One site on the Pelton series was included in 
this group). With the exception of the first group, these soils are located 
in the Annapolis Valley and have been described in detail (10). 

Composite soil samples from each replicate consisted of 15 borings 
representative of the 0-6 inch depth. Since nitrate production tests on 
air-dry soil were found to be reproducible only after storage for several 
months, samples were air-dried and stored for at least 3 months before 
analysis. The method used was essentially that of the lowa workers (18). 
Duplicate 10-gm. samples of 2-mm. soil were mixed with 5 cc. of vermiculite 
(20-mesh) and placed in 30-ml. Gooch crucibles containing asbestos mats. 
Nitrates present were removed by leaching with 60 ml. of distilled water 
under gentle vacuum, and the samples were then incubated for 14 days at 
30° C. in an atmosphere at equilibrium with water. Nitrates produced 
were extracted with 60 ml. of distilled water and measured colorimetrically 
in a Klett-Summerson colorimeter (No. 42 filter), after development of 
colour with phenyl disulphonic acid (15). 

Using the previously described equation log (A-y) = log A-cib;, the 
c; values, relating tuber yields (expressed as percentages of the maximum) 
and nitrate production soil test values, were calculated for each replicate 
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TABLE 1.—ANALYSIS OF VARIANCE OF “‘c;’’ VALUES RELATING TUBER 
YIELDS AND NITRATE PRODUCTION SOIL TEST VALUES 
(Variance for locations ane in different ways) 


Cae Calculated ‘‘F”’ for significance 
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| 
| 
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Betws een ‘loca itions 


rE n years 
Between varieties 
Within years and varieties 





Be tween soil series 


Within soil series 
Mountain 
Canning 
Woodville 
Kentville 


orm 
www 


Between soil pH. groups 
Within pH groups 








mw) Ww 
i 


Seteces Mountain aad Valley stile 
Within Mountain soils 
Within Valley soils 

Between varieties 

Remainder 


Betw een re elie ates within loe: ations (error) 
Total 


*Significant at P =0.05 
**Significant at P =0.01 


of each experimental location. Because of the impossibility of assigning 
logarithms to negative numbers, yields from two plots which were greater 
than 100 per cent were discarded. 


RESULTS 


The mean of the c; values for the 58 individual tests was 0.0182 and 
had a standard error of 0.0014 (Table 1). This represents a ‘‘t’’ value of 
13.3 which shows a highly significant relation between soil test values and 
percentage yields. Using the mean c; value obtained and assigning values 
for one variable while solving for the other in the Bray equation a curve 
was plotted (Figure 1). A reasonably good distribution around this 
curve was obtained when yields from the PK plots, expressed as percent- 
ages of those from the NPK treatment, were plotted against nitrate pro- 
duction soil test values. 

Since an analysis of variance of the individual c; values for each replicate 
indicated a highly significant difference in response between locations, an 
effort was made to isolate some of the factors responsible for this variation 
by partitioning the variance for locations in different ways (Table 1). 
These calculations showed that the effect of years was small and not 
significant but the variance due to varieties was significant at the 5 per cent 
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sé 


c;'’ VALUES AND THE VARIABILITIES ASSOCIATED WITH 
DIFFERENT GROUPS 


TABLE 2.—MEAN 

















1 oxy 2 a Si i Coefficient 
Grouping pron ee : S.E. of mean 
variability 
All 58 0.0182 or. 0.0014 
Kind of soil 
Mountain 14 0.0112 40.2 0.0012 
Canning 9 0.0227 42.7 0.0034 
Woodville 27 0.0186 $3.5 0.0019 
Kentville | 8 0.0236 63.6 0.0053 
Variety of potato 
Kennebec 31 0.0160 52.6 0.0015 
Netted Gem 19 0.0200 50.3 0.0023 
Sebago 8 0.0221 74.5 0.0058 
Kind of soil and potato variety 
Mountain soils 14 0.0112 40.2 0.0012 
Valley soils 44 0.0204 52.9 0.0016 
Kennebec 22 0.0187 47.0 0.0018 
Netted Gem 14 0.0220 48.2 0.0028 
Sebago 8 0.0221 74.5 0.0058 
| 





level. When locations were grouped according to (a) soil series, and (b) 
soil pH values, highly significant differences were obtained between the 
former groups but not the latter. Comparing Mountain with Valley soils 
accounted for a large part of the variance between locations, but there 
still existed a highly significant variance within the Valley soils. Variety 
differences did not contribute significantly to this variability (Table 1). 
The most outstanding features of the calculated c,; values for various 
groupings were the close agreement in the means for the three Valley 
series (Table 2) in spite of their differences in texture and geology (10), 
and the fact that the mean value for the Mountain soils was much smaller 


100 


60 






LOG.(A-y)=LOG. A-0.0182 b, 


A= MAXIMUM YIELD(I00%) 
y * OBSERVED YIELD 
b=SOIL TEST VALUES 
S.E. of MEAN “co = 0.0014 


40 


20 


YIELD (PER CENT of MAXIMUM) 


0 10 20 30 40 50 60 70 80 90 
NITRATE PRODUCTION ( RRM of N) 


Ficure 1. The relation between potato yields and soil test values for nitrate 
production. 
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(statistically significant) than the others. The Mountain soils were 
consistent in their performance, since both the standard error of their 
mean ¢, value and the coefficient of variability were considerably smaller 
than those of the other series. 


The differences in c; values for the three varieties, although statistically 
significant, were not large (Table 2) and were even less important when the 
Valley soils were grouped. 

Examination of the coefficients of variability (Table 2) indicates that 
greater precision was obtained by grouping the data into Mountain and 
Valley soils, but that there was little improvement in further separation. 
The Bray equations for these respective soil groups were as follows: 


Log (A-y) = log A — 0.0112b, 
Log (A-y) = log A — 0.0204b, 


The improved scatter of points around their appropriate curves 
(Figure 2) further substantiates the use of the two equations. 


DISCUSSION 


In Bray’s adaptation of the Mitscherlich-Baule equation it was 
emphasized that the procedure was only applicable to immobile soil nu- 
trients and therefore could not be applied to tests for nitrate nitrogen (6). 
However, recently developed procedures for the determination of nitrate 
production (8, 16, 18) apparently provide a fairly reproducible measure- 
ment of the potential nitrogen-supplying power of the soil (9). Therefore 
these methods do comply with Bray’s elastic mobility concept (6), and 
results obtained can be treated by the modified Mitscherlich equation. 
The reasonable distribution of points around the exponential curve in 
Figure 1 appears to justify this assumption. 


The variability in the c; values as indicated by the standard error of the 
mean for a location (0.0060) is comparable to results reported for phosphorus 
studies (11, 17). However, it seemed advisable to examine the effects 
of different factors on the constancy of the c; values with the possibility of 
improving the accuracy of prediction by the use of different constants for 
various conditions. 

Although these data represent only 2 years’ results, the similarity in ¢ 
values for the 2 years is important since the two growing seasons were 
quite different: 1956 was very cool and the growing season was very short; 
1957 had close to average temperatures and an abnormally long frost-free 
growing period. Although seasonal variations may, in some cases, 
appreciably influence c; values for phosphorus (11, 17), such may not be 
the case with nitrogen. 

The absence of an important variety effect on the response pattern is 
also of interest and is perhaps surprising since the plant spacings of the 
three varieties were usually different (8 inches for Kennebec, 12 inches for 
Sebago and 14 inches for Netted Gem). Bray (6) has suggested that 
planting rates are likely to cause variation in the c; values. 

The differential effect of soil groups on c, values (Table 2) is in keeping 
with some of the studies with phosphorus and potassium (3, 17). How- 
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FicurE 2. The relation between potato yields and soil test values for nitrate 
production on two soil groups. 


ever, for nitrate production tests it appears that considerable variation in 
texture and pH may be of no great consequence, since the distinct difference 
between c; values of the Mountain and Valley soils is more likely due to the 
large differences in organic matter content. 

The close agreement in the mean c, values for the 2 years, three 
varieties and for most of the soil groups is of paramount importance in 
considering the use of these c; parameters for diagnostic purposes. How- 
ever, the unexplained significant differences occurring within certain soil 
groups is of some concern. 

From these results it appears that the Bray equation could be used in 
this area with a fair degree of confidence to predict potato yields from 
nitrate production soil test values. For example, less than 5 per cent 
yield increase would be expected from application of nitrogen fertilizer on 
this crop, if soil test values of approximately 116 p.p.m. for Mountain 
soils or 64 p.p.m. for Valley soils were obtained. 


ACKNOWLEDGEMENT 


The authors wish to thank J. S. Leefe, Research Station, Kentville, 
N.S., for his advice and assistance in the statistical parts of this paper. 


REFERENCES 


1. Arnold, C. Y. Phosphorus requirements of transplanted tomatoes on heavy soils. 
Soil Sci. 76:405-419. 1953. 

2. Arnold, C. Y., and W. A. Schmidt. Soil tests as a measure of phosphorus available to 
tomatoes on heavy soil. Soil Sci. 71:105-116. 1951. 

. Baumgardner, M. F., and S. A. Barber. Effect of soil type on correlation of soil test 
values with crop response. Soil Sci. 82:409-418. 1956. 

4. Bray, R. H. Soil plant relations: I. The quantitative relation of exchangeable 
potassium to crop yields and to crop response to potash additions. Soil Sci. 
58:305-324. 1944. 

- Bray, R.H. Requirements for successful soil tests. Soil Sci. 66:83-89. 1948. 


w 


ws 





CANADIAN JOURNAL OF SOIL SCIENCE [Vol. 39 


. Bray, R. H. Correlation of soil tests with crop response to added fertilizers and with 
fertilizer requirement. Jn Diagnostic techniques for soils and crops. Amer, 
Potash Inst., Washington, D.C. 1948. 

. Crowther, E. M., and F. Yates. Fertilizer policy in wartime: The fertilizer require- 
ments of arable crops. Empire J. Exptl. Agr. 9:77-97. 1941. 


. Fitts, J. W., W. V. Bartholomew, and H. Heidel. Correlation between nitrifiable 

nitrogen and yield response of corn to nitrogen fertilization on Iowa soils. Soil 

Sci. Soc. Amer. Proc. 17:119-122. 1953. 

. Hanway, John, and Lloyd Dumenil. Predicting nitrogen fertilizer needs of Iowa 

soils: III. Use of nitrate production together with other information as a basis for 

making nitrogen fertilizer recommendation for corn in Iowa. Soil Sci. Soc. Amer, 

Proc. 19:77-80. 1955. 

. Harlow, L. C., and G. B. Whiteside. Soil survey of the Annapolis Valley fruit growing 
area. Can. Dept. Agr. Pub. 752. 1943. 

. Heeney, H. B., and R. L. Halstead. Further studies of the relationship of soil phos- 

phorus tests to the phosphatic fertilizer requirement of the tomato. Can. J. 

Plant Sci. 37:347-352. 1957. 

. Macy, P. The quantitative mineral nutrient requirements of plants. Plant Physiol. 

11:749-764. 1936. 

. Mitscherlich, E. A. Das Gesetz des Minimums und das Gesetz des abnehmenden 

Bodenertrages. Landwirtsch. Jahrb. 38:537-552. 1909. 

. Mitscherlich, E. A. The results of over 27,000 field fertilizer experiments. Z. 

Pflanzeneinhr. Dung. Bodenk. 38:22-35. 1947. 

. Prince, A. L. Determination of total nitrogen, ammonia, nitrates and nitrites in soils. 

Soil Sci. 59:47-52. 1945. 

. Saunders, D. H., B.S. Ellis, and A. Hall. Estimation of available nitrogen for advisory 

purposes in Southern Rhodesia. J. Soil Sci. 8:301-312. 1957. 

. Smith, J. A., and R. W. Sheard. Evaluation and calibration of phosphorus soil test 

methods for predicting fertilizer requirements of potatoes. Can. J. Soil Sci. 

37:134-142. 1957. 

. Stanford, George, and John Hanway. Predicting nitrogen fertilizer needs of Iowa 

soils: II. A simplified technique for determining relative nitrate production in 

soils. Soil Sci. Soc. Amer. Proc. 19:74-77. 1955. 














EFFECT OF CROPPING SYSTEMS AND FERTILIZERS 
ON MEAN WEIGHT-DIAMETER OF AGGREGATES OF 
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ABSTRACT 


Aggregate analyses of Breton plot soils using a wet sieving techniquerevealed 
marked differences resulting from cropping practices but few, if any, due to 
fertilizers. The mean weight-diameter of soils from plots in a 5-year rotation 
of grains and legumes was almost double the diameter of soils from plots in a 
wheat-fallow sequence. With respect to fertilizers, however, mean weight- 
diameter of soils from high yielding plots in either cropping system were in 
general similar to those on low-yielding plots of the system in question. 
Incidentally polysaccharide content of the soil showed a definite relationship 
to mean weight-diameter. 


INTRODUCTION 


In 1958 the soil fertility plots on Grey Wooded soil at Breton were in 
their 29th year of operation. These plots were established to determine 
effects of various fertilizers and to compare two cropping systems. During 
the extended period of testing definite conclusions have been reached 
regarding the increase in productivity when certain fertilizers are used, 
especially when coupled with legumes in a crop rotation (4). The question 
of treatment effects on physical properties of the soil remained unanswered, 
though visual differences had been observed. It was, therefore, decided to 
see if differences in the cultivated layer could be detected in the laboratory. 
This paper reports a study of the aggregation of the soils as determined by 
the wet sieving technique. 

The expression of results of wet sieving analyses has received consider- 
able attention. Van Bavel (7) suggested calculation of mean weight- 
diameter using a graphical method. Youker and McGuiness (9) proposed 
a shorter method requiring only numerical calculations but Stirk (6) 
pointed out some limitations in such a procedure. 

A preliminary comparison of polysaccharide content of the soils was 
made in an attempt to explain the differences in aggregate stability. The 
effects of adding polysaccharides to a soil on the stability of its aggregates 
have been reported by several workers. Martin (2) used a loam and 
showed that additions of polysaccharides increased the degree of aggrega- 
tion and the “‘slaking time’. Geoghegan and Brian (1) added a 
polysaccharide of the levan type to a soil with weak crumb structure and 
demonstrated a marked increase in aggregate stability as measured by wet 
sieving. Rennie et al. (5) demonstrated a marked aggregating effect when 
bacterial polysaccharide material was added to a silt loam, the percentage 
of aggregates greater than 0.1 mm. increasing from 45 to a maximum of 
97 per cent. 





1Professor and Assistant Professor of Soil Science, University of Alberta, Edmonton, Alta. 
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MATERIALS AND METHODS 


Soil samples were collected during the first week of August from each 
of the 55 plots shown in Figure I. 





Series 
Fertilizer F E D 
applied* Rotation! | Wheat-fallow system Rotation! 


























Y 














MNPS 








11 O 





*In this column M = manure, N = nitrogen, P = phosphorus, S = sulphur, K = potassium, L = lime, 
O = no fertilizer. 
iThe complete rotation is as follows: 

First year —Legumes and grasses for hay. 
Second year—Legumes and grasses for hay (as in Series F above) 


Third year —Barley and wheat, first crops after hay (as in Series D above) 
Fourth year —Oats, second crop after hay 
Fifth year —Barley, seeded down to hay mixture. 


lizer treatment and cropping system. 


FicureE 1.—Arrangement of the Breton plots used in this study showing their ferti- 


Each plot is 22 x 11 yards. 
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TABLE I.—MEAN WEIGHT-DIAMETER OF AGGREGATES FROM BRETON PLOT SOILS 


wheat cropping Av. for | Av. for 
Plot Fertilizer system system fertilizer| three 
applied —_—<—<—<—<—<———_—_ | —_—_——_—_— net GR | Cheee 

Wheat Fallow Hay | Barley Wheat ments plots 
Series E Ser. F | Series D 


: 3 | 
Continuous Rotation 


mm. mm. mm. mm. 


0.72 0.65 .85 0.79 . 84 
30 91 
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. 83 


. 84 
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. 83 
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.38 
39 


O 
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.97 





Average for crop a ‘ 3 . .90 





Average for system 


From each plot eight 2-inch cores were taken to 6-inch depth. These 
were bulked and kept at field moisture by storage in sealers. In the 
laboratory each sample was passed through a 4-mm. sieve and thoroughly 
mixed. Four 60-gm. samples of the moist soil were then weighed out for 
wet sieving and a single 10-gm. sample for determination of moisture 
content. Two of the 60-gm. samples were wet sieved immediately while 
the other two were brought to near field capacity and incubated at 25°C. 
for a week prior to wet sieving 

The procedure for wet sieving was that of Yoder (8) with a few 
modifications. The sieves used were 5-inch wire mesh with the following 
size openings: 4, 2, 1, 0.5, 0.25, and 0.12 mm. The moist sample was 
placed on the uppermost sieve, spread out, and if necessary gently forced 
through the 4-mm. openings. After wet sieving for 30 minutes the 
material retained on the five lower sieves was transferred to evaporating 
dishes, oven-dried, and weighed. The total dry weight of sample was 
calculated using the moisture percentage. 

Of special interest is the method developed here for handling the data 
obtained. A modification of Van Bavel’s graphical method (7) was used. 
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FiGuRE 2.—Relation of polysaccharide content to mean weight-diameter of some 
Breton plot soils. Lines join points with some fertilizer treatment. 


The areas above the cumulative frequency curves were calculated by a 
digital computer, type LGP-30. The computer was supplied with the 
cumulative weights of soil retained on the sieves and the total weight for 
each sample. The computer program, worked out by R. S. Julius’, included 
the following steps: 

1. Conversion of cumulative weights to cumulative percentages; 

2. Calculation of equation for best fitting curve; 

3. Integration to find the desired area. 

As the computer was able to convert the raw data for a sample to a 
mean weight-diameter in 90 seconds, the handling of the data was very 
much simpler and faster than the graphical method. The mean weight- 
diameters were then analysed statistically. 

Polysaccharide content was determined on selected samples only. The 
method used was that of Morris (3), as modified by Dubach, Brink, and 
Lynch*. Ten grams,of soil were hydrolyzed with 30 ml. of 3N H»SO, and 
the filtered extract suitably diluted. To 5 ml. of the dilution were added 
10 ml. anthrone and a colorimeter then used for comparison with standard 
glucose solutions. 





1Graduate assistant, Department of Physics, University of Alberta. : 
2Dubach, P., R. Brink, and D. L. Lynch. Measuring soil hydrolysate carbohydrates with anthrone. 
(Paper submitted to ‘Soil Science’’). 
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EXPERIMENTAL RESULTS 


The statistical analysis showed no significant differences in mean 
weight-diameters between incubated and unincubated soils, the average 
diameters being 0.73 mm. and 0.72 mm. respectively for the 110 samples 
in each group. Thus the two incubated samples and the two unincubated 
samples could be considered as four replicates and this has been done in 
preparing Table I. 

The analysis of variance showed what is apparent from Table I, 
namely that the cropping system has had a marked effect on mean 
weight-diameter while fertilizers have had only slight effects. A comparison 
of the five averages for crops using an L.S.D. of 0.14 mm. (5 per cent level 
of significance) shows significant differences between the two cropping 
systems but none within the two systems. The mean weight-diameters for 
the rotation plot soils are on the average 1.6 times the diameters for the 
continuous grain plots. For a comparison of the averages for the fertilizers 
an L.S.D. of 0.07 shows the manure treatment superior to the NPKS, NS, 
and L treatments. A comparison of fertilizers with the average of the three 
check plots using an L.S.D. of 0.05 shows treatments NPKS and NS with 
smaller mean weight-diameters and the manure treatment with a larger 
diameter. 

The relationship between mean weight-diameter and polysaccharide 
content is shown in Figure 2. Only soils from the wheat plots (Series E) 
and the adjacent hay plots (Series F, Figure I) are represented. The 
relationships between mean weight-diameters and polysaccharide contents 
are noteworthy. 


DISCUSSION 


The Grey Wooded soil on which the plots are located ranges in clay 
content from 10 to 15 per cent and in sand from 32 to 40 per cent. It is 
thus a light loam to silt loam in texture. Being thus naturally low in clay, 
and with less than 2 per cent organic matter in the top 6 inches of soil, the 
soil may be expected to be poorly aggregated. This is evident in the field. 
The soil puddles easily, packs hard after wetting, and quickly forms a 
hard crust after a rain. The physical condition of the soil is thus one of its 
major problems. The results of the wet-sieving analyses are therefore of 
particular value because they demonstrate a definite improvement in 
stability of soil aggregates in the rotation plots. The average yield of 
wheat in the rotation is 22.1 bushels per acre per year and of wheat grown 
after fallow 10.0 bushels per acre per year. To what extent might this 
marked difference be attributed to differences in soil structure? 

The digital computer played an important role in the study. The wet 
sieving procedure is itself time-consuming and several workers have 
proposed ways of expressing the data which would save time and simplify 
the results. Many laboratories use a single sieve rather than a nest of 
sieves as one solution to the problem but this method merely divides the 
aggregates into two portions and gives little information with regard to 
their size distribution. The use of a nest of sieves coupled with a rapid 
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method of handling the date is therefore desirable. The computer program 
simplifies the calculation to the extent that the determination of mean 
weight-diameter could become a routine soil test. 


The relationship between polysaccharide content of the soils, as 
determined by the use of anthrone in the manner described, and mean 
weight-diameter appears to be a new approach. The relationships reported 
in this paper indicate a promising avenue for future research. 
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ABSTRACT 


Results of germination studies with canning corn, field beans, and sugar 
beets at three soil moisture levels and under five fertilizer treatments, along 
with the results of germination of sugar beets at iso-osmotic concentrations 
of mannitol and ammonium nitrate solutions, are reported. 

The moisture levels alone had no significant effect on the germination of 
any of the crops. Moisture levels in combination with nitrogen fertilizers 
reduced germination, and the reduction became progressively pronounced 
with decreasing moisture. Nitrogen caused a greater reduction than man- 
nitol or POs. With only one-quarter of the available moisture in the soil, 
the nitrogen treatments resulted in virtually no germination of any of the 
three crops. There were significant differences in response pattern among 
species, with canning corn being the least sensitive and field beans showing 
he grectent reduction due to fertilizer damage. Results indicate that no 
fertilizer should be placed in contact with bean seeds. The highly soluble 
fertilizer, ammonium nitrate, should not be placed in contact with corn or 
beet seeds when soil moisture is limiting. 

Germination of sugar beets was significantly lowered in solutions having 
osmotic pressures exceeding 4 atmospheres. With increasing osmotic pres- 
sure at iso-osmotic concentrations, germination of sugar beets was lower in 
ammonium nitrate solutions than in mannitol solutions, suggesting toxicity 
of the nitrate or ammonium ions. 


INTRODUCTION 


Germination of seed is affected by such factors as temperature, 
moisture, aeration, and salinity. Since the initial step in germination is 
the imbibition of water by the various tissues within the seed, failure of 
viable seeds to germinate could result from high soil moisture tension, 
osmotic pressure, or the effect of both. Soil moisture tensions increase 
with decreasing soil moisture content. Dissolved salts, whether derived 
from natural sources as saline soils or from fertilizers, impair the availability 
of water to seeds by increasing the osmotic effect of the soil solution. 
In the chinook belt of southern Alberta, soil moisture often is limited in 
the seed zone, and the trend toward the use of larger amounts of fertilizer 
makes it more difficult to establish some crops. This paper reports the 
germination of canning corn, field beans, and sugar beets under various 
moisture and fertilizer levels. In addition, sugar beet seeds were germinated 
in iso-osmotic concentrations of ammonium nitrate and mannitol solutions 
to determine if nitrogen was detrimental to germination. 


LITERATURE REVIEW 


Stiles (9) made a quantitative study of water absorption by seeds 
during germination and found that seeds differ in total and rate of water 
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partial fulfilment of requirements for the M.S. degree. 

*Agronomist, Research Station, Lethbridge, Alta. 

‘Assistant Professor of Soils, Utah State University, Logan, Utah. 

‘Head, Soils Section, Research Station, Lethbridge, Alta. 
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uptake, germination varied with varieties, and seed coats of different seeds 
had different absorption capacities. Peters (7) attempted to answer the 
question as to whether seeds can germinate when the amount of soil 
moisture is so low that plants would wilt and die. He showed that seeds 
of peas, soybeans, corn, and wheat germinated at or below the wilting coef- 
ficient of 1.31 per cent moisture in quartz sand of 0.1-mm. size. Doneen 
and MacGillivray (1) made an extensive study of the effect of soil moisture 
on seed germination. Their results can be summarized as follows: 

1. Seed germination was progressively delayed as the initial soil 
moisture percentage was decreased. 

2. The germination percentage of some crops was lowered as the 
soil moisture was decreased toward the wilting percentage, 
but with some crops the proportion of seeds germinating was 
not influenced as long as the soil moisture was above the wilting 
percentage. 

3. Several of the crops appeared to germinate at moisture percentages 
slightly below the reported wilting percentage. 

Hunter and Erickson (5) showed that, in order to germinate, corn, 
soybeans, and sugar beet seeds had to obtain minimum moisture contents 
of 30.5, 50.0, and 31.0 per cent, respectively. They also found that the 
soil moisture tension for sugar beets should not exceed 3.5 atmospheres. 

Maxton (6) concluded that the deleterious effect of fertilizers seemed 
to be in their preventing germination of seeds. Gaywala (4) found that 
failure to germinate occurred only when the fertilizer was concentrated 
and in close contact with the seed. 

Uhvits (11) studied the effect of NaCl and mannitol on the germination 
of alfalfa seed, and reported that the rate and percentage of seeds germi- 
nating were decreased by increasing osmotic pressure. She also found that 
there was greater injury to seedlings in NaCl solutions than in mannitol 
solutions, suggesting a toxic effect of NaCl. Stout and Tolman (10) 
reported that ammonia released from nitrogenous compounds of seed-ball 
extracts by enzymatic hydrolysis inhibited the germination of sugar beets. 


METHOD OF PROCEDURE 


This study was divided into two phases, as follows: 


1. Germination studies in the greenhouse involving three crops, 
three moisture levels, and five fertilizer treatments. The crops 
were germinated in a soil medium. 

2. Studies in a germination cabinet involving seed from the same three 
crops planted in sand which was sub-irrigated with solutions at 
various osmotic pressures. 

The species used in the study were canning corn (Zea mays), field 
beans (Phaseolus vulgaris), and sugar beets (Beta vulgaris). The same 
varieties and the same source of seed were used throughout. The variety 
of corn was Seneca Golden; of beans, Michelite; and of sugar beets, de- 
corticated Kuhn. 
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Germination Studies in the Greenhouse 


The field capacity and permanent wilting percentage of the loam 
soil were found to be at moisture percentages of 22.4 and 8.2, respectively. 
Soils were then prepared at the following three moisture levels: 

1. Soil at 1/4 of the available moisture (Pw*= 11.75) 

2. Soil at 1/2 of the available mvisture (Pw = 15.30) 

3. Soil at 3/4 of the available moisture (Pw = 18.85). 


The following five fertilizer treatments were used: 
Check—no fertilizer. 

50 Ib. per acre P:Os 

50 Ib. per acre P.O; plus 25 lb. per acre N 

50 Ib. per acre P,O; plus 50 Ib. per acre N 

Mannitol at molarity equal to treatment 3. 


A ae 


The sources of fertilizer were triple superphosphate (0-46-0) and 
ammonium nitrate (33.5-0-0)._ Treatment 5 was calculated on the assump- 
tion that the 0-46-0 fertilizer had a molecular weight of 260 since it is made 
up primarily of monocalcium phosphate (M.W.=252.09). The rows in 
the experiment were 2 inches apart, and the amount of fertilizer placed 
in the rows was the same as that which would have been applied in 22-inch 
row spacings in the field. 

The experiment was carried out in quadruplicate in enamel developing 
trays. Each tray represented a moisture treatment for a particular crop, 
with the five fertilizer treatments randomized within it. The trays were 
first filled with 2 inches of soil. The fertilizers were then spread uniformly 
in the rows, and the seed was placed on top of the fertilizer. Fifty seeds 
were used for each treatment, and all the seeds were placed at 3/4-inch 
centres within the rows. About 1 inch of soil was placed over the 
seeds. The trays were covered with plastic (2 mill polythene) and sealed 
with adhesive tape to prevent evaporation. The temperature in the 
greenhouse was kept at 70°F. 

Germination counts were taken during a 15-day period. The trays 
were uncovered, counts taken, and emerged seedlings removed. At 
the end of the 15-day period, all seeds that had healthy radicles of 5 mm. 
or longer were considered germinated. 


Studies in the Germination Cabinet 


Iso-osmotic solutions of ammonium nitrate and mannitol were prepared 
ranging from 2 to 10 atmospheres for beans and sugar beets and 6 to 14 
atmospheres for corn. The treatment interval varied by 2 atmospheres 
for each crop. International Critical Tables were used for obtaining 
freezing point depressions for the different molal concentrations. Osmotic 
pressures were then calculated directly using the formula O.P.=12.06AT, 
where O.P. is osmotic pressure and AT is freezing point depression. By 
converting molal to molar concentrations from the density data of Inter- 
national Critical Tables and plotting concentration versus osmotic pressure 
on a graph, the preparation of solutions was greatly facilitated as direct 
volumetric dilution was then possible. 





*Pw is used to refer to the percentage moisture of the soil expressed on an oven-dry basis. 
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Germination studies were carried out on washed sand in small sub- 
irrigated petri dishes, as described by Rayment (8). A glass tube leading 
from each dispensing bottle which held the solution provided for irrigation 
of the sand in the petri dish by expiration. Twenty-five seeds were used 
in each petri dish. The assembled dishes in quadruplicate were placed 
in a germinating cabinet in which the temperature was kept constant at 
20°C. The dishes were irrigated twice daily for 7 days, at the end of which 
time the germination counts were taken. 

The statistical calculation was made on angular transformations of 
the percentage data. The inverse-sine transformations of Fisher and 
Yates (3) were used. The percentage values of 0 were arbitrarily replaced 
by 1/4n, where “‘n”’ is the number of replicates. When a percentage value 
of 0 occurred repeatedly under a given treatment, that portion of the data 
was withdrawn from the statistical analysis. 


TABLE 1.—MEAN PERCENTAGE GERMINATION AND SIGNIFICANT DIFFERENCES! 
BETWEEN TREATMENT MEANS OF CANNING CORN, AT THREE SOIL MOISTURE LEVELS 























Moisture level (Pw) | Fertilizer treatment (pounds per acre) 
| 50 P20; 50 P.O; 246 
+ ad M: it 1 50 P.O; Check 
50 N SN Mannito 

18.85 50 78 90 91 92 

15.30 18 60 88 90 95 
| Ri, ———— 

11.75 0 1 


29 66 92 


| 





1Any two means underscored by the same line are not significantly different at the 1% level. 


TABLE 2.—MEAN PERCENTAGE GERMINATION AND SIGNIFICANT DIFFERENCES! 
WHERE APPLICABLE BETWEEN TREATMENT MEANS OF FIELD BEANS, 
AT THREE SOIL MOISTURE LEVELS 











Moisture level (Pw) | Fertilizer treatment (pounds per acre) 
| 50 P.O; 50 P20; 246 - 
| ou aa Shnnatedl 50 P.O; Check 
18.85 oe 28 13 25 
15.30 | 0 1 33 58 63 
11.75 | 0 0 4 31 82 








1Any two means underscored by the same line are not significantly different at the 1% level. 
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TABLE 3.—MEAN PERCENTAGE GERMINATION AND SIGNIFICANT DIFFERENCES! 
BETWEEN TREATMENT MEANS OF SUGAR BEETS, AT THREE SOIL MOISTURE LEVELS 





























Moisture level (Pw) Fertilizer treatment (pounds per acre) 
‘ 50 P:0; 206 50 P:0s 
+ Hie ‘tol + 50 P.O; Check 
50 N Mannito 25 N 
18.85 17 31 42 81 82 
50 P.O; 50 P.O; 
+ + 246 
50 N 25N Mannitol Check 50 P.O; 
15.30 2 11 12 76 88 
50 P.O; 50 P.O; 
+ + 246 
50 N 25 N Mannitol 50 P.O; Check 
11.75 0 0 4 48 78 








1Any two means underscored by the same line are not significantly different at the 1% level. 


RESULTS AND DISCUSSION 


Germination Studies in the Greenhouse 


The mean percentages of germination under the various fertilizer and 
moisture treatments for canning corn, field beans, and sugar beets are 
shown in Tables 1, 2, and 3, respectively, as well as the significant dif- 
ferences between the means as determined by Duncan’s (2) new multiple 
range test. 


Canning Corn. Of the three crops used in the experiment, the germina- 
tion of corn was least affected by the fertilizer treatments. Fifty pounds 
of P.O; did not significantly lower the germination at the three moisture 
levels, although at the lowest moisture level the germination on the phos- 
phorus treatment was 66 per cent as compared with 92 per cent on the 
check treatment. Where nitrogen fertilizer was used, the germination 
was progressively decreased with decreasing moisture. With three- 
quarters of the available moisture in the soil, there was a significant de- 
crease in germination with the 50-pound nitrogen treatment, while at the 
one-half moisture level a significant decrease resulted with both the 25- 
and 50-pound nitrogen applications. At the lowest moisture level (Pw= 
11.75), the germination of corn was virtually prevented when either of the 
two nitrogen treatments was used. 

The mannitol treatment did not affect germination to the same extent 
as either of the nitrogen treatments, even though it was at the same molal 
concentration as the lower nitrogen treatment. Generally, the results 
with mannitol were similar for all three crops. There may be two reasons 
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why mannitol behaved differently from the nitrogen treatments. The 
first is that ammonium nitrate is very soluble and in solution dissociates 
into two ions so that the osmotic effect of ammonium nitrate was more 
pronounced than that of mannitol. Furthermore, the ammonium or nitrate 
ions may have been toxic to the germinating seedlings. Since freezing 
point depression determinations were attempted without success, there 
was no way of assessing the osmotic pressure, which is dependent upon the 
extent of solution of the fertilizers. 


Field Beans. At the highest moisture level, there were no significant 


differences in the percentages of germination of field beans among fertilizer 
treatments. 


At all three moisture levels, there was essentially no germination of 
beans on the two treatments that included nitrogen fertilizer. 


Where half of the soil moisture was available for plant growth, the 
germination on the check was significantly higher than on the mannitol 
treatment but was not significantly different from the 50-pound P.O; 
treatment. At the two lower moisture levels, germination on the 50- 
pound P.O; treatment was. significantly higher than on the mannitol 
treatment. At the lowest moisture level, germination on the check was 
significantly higher thar chat on the 50-pound P.O; treatment. 


Field beans were the most sensitive crop to both moisture and fertiliz- 
ers. Under the conditions of this experiment, relatively high soil moisture 
was not favourable to the germination of beans. It was not determined 
whether it was the high moisture alone that caused the beans to rot or the 
combination of moisture, consistent high temperature, and limited aeration. 
Undoubtedly, the high humidity in the covered trays was conducive to 
fungus growth, and, although the seeds were treated, the micro-organisms 
in the soil could enter the ruptured seed coat during the early stages of 
germination. 


Highly soluble fertilizers should not be used for beans if the placement 
is with the seed, regardless of the soil moisture status. If soil moisture 
is limiting, the less-soluble fertilizers, such as 0-46-0, should not be placed 
directly with bean seeds. Generally, it would be wise not to place any 
type of fertilizer in contact with bean seeds. 


Sugar Beets. The germination of sugar beets was significantly higher 
on the check than on the other treatments at the lowest moisture level. 
At the highest moisture level, germination on the 50-pound P.O; treatment 
was significantly higher than that on the mannitol and the two nitrogen 
treatments. However, there was no significant difference in germination 
among the latter three treatments. Germination on the 50-pound P:Os 


treatment was significantly higher than on the check at the 15.30 per cent 
soil moisture level. 


Sugar beets were similar to canning corn in that the germination was 
relatively unaffected by moisture when no fertilizer was used. The nitrogen 
treatments retarded sugar beet germination more than they did the germina- 
tion of corn, but not to the extent that field bean germination was affected. 

If the soil contained at least half of the available moisture, 50 pounds 
of POs; could be used safely for sugar beets. Even with one-quarter of 
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the available moisture in the soil, approximately one-half of the seeds 
germinated on the phosphorus treatment. Since sugar beets are thinned 
to one plant per foot within the row, such a reduction is not necessarily 
serious. The practice in southern Alberta of applying 100 pounds of 
11-48-0 fertilizer with the seed at planting time is sound. Fertilizers that 
are more soluble than 11-48-0, such as 16-20-0, could seriously retard the 
germination of sugar beets, especially if the rate of application were more 
than 100 pounds per acre. 


Since the germination study in the greenhouse was conducted under 
several constant soil moisture conditions, the above discussions would 
apply only when there was no precipitation for a considerable period of 
time after planting. Under field conditions, precipitation could suddenly 
change the moisture status of the soil and, in turn, the germination of seeds. 
It was observed that, where seeds had failed to germinate for 2 weeks in 
a dry soil, subsequent watering resulted in substantial germination of the 
same seeds. 

This study was concerned with only one fertilizer placement, that is, 
where the fertilizer was placed in contact with the seed. Undoubtedly, 
the retarding effect of some of the fertilizer treatments would not have 
been so severe if the fertilizer had been placed some distance away from 
the seed. 


Studies in the Germination Cabinet 


Of the three crops studied, results were obtained for sugar beets only. 
The method evidently was not suitable for beans and corn as a large propor- 
tion of seeds from these two crops rotted during the germination period. 


TABLE 4.—MEAN PERCENTAGE GERMINATION OF SUGAR BEETS AT VARIOUS 
OSMOTIC PRESSURF LEVELS AND SIGNIFICANT DIFFERENCES! BETWEEN THEM 


Osmotic pressure levels in atmospheres 


Nm 
+ 


10 8 6 


14 42 70 84 85 


‘Any two means underscored by the same line are not significantly different at the 1% level. 


TABLE 5.—MEAN PERCENTAGE GERMINATION OF SUGAR BEETS AT VARIOUS 
TREATMENTS X LEVELS AND SIGNIFICANT DIFFERENCES! BETWEEN THEM 





Treatments x Levels 











Ammonium Ammonium Ammonium Ammonium Ammonium 7 
nitrate Mannitol nitrate Mannitol Mannitol nitrate nitrate nitrate Mannitol Mannitol 
10atmo- 10atmo- S8atmo- 8atmo- 6atmo- 6 atmo- 2 atmo- 4atmo- 4atmo- 2 atmo- 
spheres spheres spheres spheres spheres spheres spheres spheres spheres spheres 
2 25 37 46 69 72 82 85 85 86 


‘Any two means underscored by the same line are not signific antly different at the 1% level. 
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The mean percentages of germination for sugar beets at the different 
osmotic pressures and the statistical significance between them are shown 
in Table 4, while corresponding information for the treatment x level 
interaction appears in Table 5. 


Statistical analysis of the sugar beet data revealed that there was no 
significant difference between the two treatment means of ammonium 
nitrate and mannitol. However, there were highly significant differences 
between the means for osmotic pressure levels and for the treatment 
x level interaction. 


The germination of sugar beets was unaffected by osmotic pressures 
of up to 4 atmospheres. As the osmotic pressure of the solutions was 
increased from 4 to 6 atmospheres, a reduction in germination was observed 
which was statistically significant at the 5 per cent level. Highly signif- 
icant reductions in germination were obtained at osmotic pressures over 
6 atmospheres. The critical tolerance of sugar beets to osmotic pressure, 
soil moisture tension, or total soil moisture stress would thus appear to be 
somewhere between 4 and 6 atmospheres. 


At osmotic pressures of 2, 4, or 6 atmospheres, there were no signif- 
icant differences in the percentages of germination between an organic 
and an inorganic solution. As the osmotic pressure was increased, germi- 
nation was lower in the inorganic solution until at 10 atmospheres it was 
significantly lower than that in the organic solution. 


It would appear that, as moisture becomes less available to sugar 
beet seeds, germination is retarded with the increasing concentration of 
either the nitrate or ammonium ions or both. 
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ABSTRACT 


Mineralogical studies of three profiles from Saskatchewan and two from 
Alberta showed that the predominant clay minerals were montmorillonite and 
illite. Some kaolinite was found in the coarse and medium fractions of the 
clays. The three Saskatchewan profiles were almost identical from a 
mineralogical point of view. The two Alberta soils differed from these in a few 
minor aspects such as having slightly more quartz and considerably less 
feldspars in the silt and clay fractions. Degradation of the montmorillonite 
in the upper horizons of the Saskatchewan profiles was demonstrated. 


INTRODUCTION 


Little has been published on the mineralogical composition of soils 
from the Prairie Provinces of Western Canada. Ross and Hendricks (8) 
reported that the grasslands of Canada contain large areas where mont- 
morillonite is a predominant constituent of the clay fractions. Ehrlich, 
Rice and Ellis (2) indicated that montmorillonite and illite were the 
predominant minerals in the Manitoba profiles examined. Warder and 
Dion (10) found appreciable amounts of montmorillonite and illite in the 
clay fractions of the Saskatchewan soils they studied, but no kaolinite. 
Any other work done appears not to have been published. 


The present investigation concerned the mineralogical composition 
of important lacustrine soils in Saskatchewan and Alberta which occur 
on post-glacial deposits. The nature of the surficial geological deposits 
which form the parent material is the dominant factor determining the 
texture and mineralogical composition of the resulting soil (6). 


MATERIALS AND METHODS 
Soils 


Profiles were selected from four Great Soil Groups, the Brown, Dark 
Brown, Black, and Gray Wooded. Figure 1 shows the locations of the 
samples as well as the extent of the soil zones from which they were taken. 
The direction of the ice flow shown in this figure is after Prest (7). Further 
information on the samples is given in Table 1. 

The samples examined were from the Sceptre, Regina, Melfort and 
Three Hills series and were considered to be representative of the clays 
deposited in the post-glacial lakes associated with the South Saskatchewan 
drainage system?. The Melfort, which is thought to be the youngest, 
and the Three Hills, thought to be the oldest, may also have been affected 
to some extent by deposition from the North Saskatchewan drainage 
system’. The Nampa series is described (6) as being a heavy loam to clay 
Oa mnbation No. 432, Chemistry Division, Science Service, Canada Department of Agriculture, Ottawa, 


*Personal communication from A. Leahey, Chairman, National Soil Survey Committee. 
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loam and is similar, in this respect, to many series in the Peace River 
district. Cretaceous shales are thought to be responsible for the heavy 
texture of Saskatchewan and Alberta soils (5,6). : 

The Three Hills profile occurs in an area of Pleistocene and Recent 
deposits (9). The Nampa is reported (6) to be derived largely from the 
weathered products of the Smoky River formation which consists of 
dark-coloured, heavy-textured materials. 


Mechanical Analysis 

The samples were prepared as follows: (a) air-dried; (b) screened 
through a 2-mm. sieve; (c) treated with 1N HCl to remove carbonates; 
(d) treated with HO, to destroy organic matter; (e) washed to remove 
soluble salts. The washed samples were then separated by sedimentation 


TABLE 2.—MECHANICAL COMPOSITION 


(as per cent of material after removal of moisture, carbonates, organic matter and 
soluble salts) 














. Depth Sand Silt Clay 
Series (in.) (>50u) (50-2u) (<2) 
Sceptre 0- 6 20 34 46 
6-12 15 28 57 
18-36 16 27 57 
42-57 | 15 25 60 
60-70 | 3 21 76 
72-80 3 20 77 
Regina 0- 4 “4A 38 61 
4-10 <1 35 64 
12-30 <1 46 53 
30-38 <1 37 62 
38-42 << 33 66 
42-54 1 27 72 
56-68 1 29 70 
Melfort |} 0-10 (A;) 4 54 42 
12-16 (Bi) <1 56 43 
16-20 (Bis) <1 52 47 
| 22-36 (Bea) 2 57 41 
| 36-45 (Cy) 2 69 29 
| 45-54 (C2) 2 68 30 
varved clay <1 28 71 
Three Hills 0- 7 (A) 7 18 75 
10-16 (Be) 6 17 77 
20-28 (B;) 6 15 79 
40-50 (C,) 5 6 89 
60-70 (C2) 5 13 82 
Nampa O- 2 (Ac+A)) 7 34 59 
2- 6 (As) 6 53 41 
6-10 (B:) s 54 38 
| 10-28 (B2) 2 29 69 
28-40 (Bea) 2 26 72 
40-50 (B.. or C) <1 26 73 
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into (a) sand, 50u, (b) coarse silt, 50-20u, (c) medium silt, 20-5yu, and 
by a combination of sedimentation and centrifugation into (d) fine silt, 
5—2u, (e) coarse clay, 2—0.2u, (f) medium clay, 0.20.14 and (g) fine clay, 
0.1. 


Petrographic Analysis 


The sands (>50u) were separated by means of heavy liquids into 
three specific gravity fractions, >2.95, 2.95-2.75, and <2.75. Repre- 
sentative samples of each fraction were mounted on glass slides with 
Canada Balsam. A minimum of 300 grains were identified under the 
petrographic microscope. 


X-ray Analysis 


The silt and clay fractions were examined with a Norelco X-ray 
diffractometer using Fe-filtered Co K radiation. The coarse and medium 


TABLE 4.—MINERALS OF SAND FRACTIONS 


(as per cent of sand fraction) 
| | | 
| | 














| Depth | PO aa Rie cone 
Series (in. \Quartz| _ ~~ | Micas|Chlorites} magnesian |Others 
(in. ) | spars | | : = 
minerals | 
Sceptre 0- 6 : 2s) ae | oe 6 | 3 18 
6-12 : ae) 6k peg 1 | 1 21 
18-36 Be 2a: t- 4 1 18 
42-57 | 17 | $8 | <1 4 1 22 
60-70 | 18 | 40 | 2 5 | 8 27 
72-80 Se: | <1 | 4 1 20 
| 
Regina O- 4 | 10 | 67 | <1 _ 1 20 
4-10 imiatal 4.3 2 18 
12-30 } 12 | 72 | <1 3 2 10 
30-38 22 60 | <1 2 1 14 
38-42 | 2 tae 1 1 | 31 
42-54 a} 62 | 2 —_ 1 | 19 
56-68 ae ee ee i. 2 | 22 
| | | 

Melfort 0-10 (A, | 4 | 57 2) 1 6 30 
12-16 (By) 2 i ee 2 3 71 
16-20 (Biz) | 1 70 | 3) 1 | 2 | 2 
22-36 (Bea) : 3) Seed Be 3 3 | 20 
36-45 (C;) 2 41 as 1 2 | 19 
45-54 (C.) Lo 30 | a0.) <1 1 23 
varved clay | 28 36 13 i 3 19 
Three Hills O- 7 (A) i 11 72 1 <1 <1 <1 14 
10-16 (Be) 15 | 66 —_ <1 <1 17 
20-28 (Bs) | 21 | 55 | <1 | 1 1 21 
40-59 (C,) | 21 60 | — <1 <1 17 
60-70 (C:) 18 4#i;—-/|- <1 27 
Nampa O- 2 (A. + Ai) | 9 66 | 3 1 1 | 20 
2- 6 (A:) 15 | 63 6 1 2 | 13 
6-10 (B:) 17 55 5 6 1 16 
10-28 (Be) | 19 | 48 8 8 2 15 
28-40 (Bea) | 81 f 1 1 4 14 
40-50(B.,orC) | 12 | 60 | 2 2 4 20 
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silts were prepared so as to keep preferred orientation of particles to a 
minimum. On the other hand, the fine silts and all the clays were prepared 
so as to enhance preferred orientation of the platy minerals and were 
examined after (a) air-drying, (b) treatment with ethylene glycol, and 
(c) heating for 1 hour successively to 300°C., 400°C. and 550°C. 


Chemical Analysis 
Determinations of exchangeable cation content and cation exchange 


capacity were made on the untreated soil samples by methods described 
by Wright et al. (11). 


RESULTS AND DISCUSSION 


Mechanical Analysis (Table 2) 


The sand fractions of all samples were rather small, less than 5 per cent 
in most cases and less than 10 per cent in all but the upper four layers 
of the Sceptre profile. The Regina had much less sand than the Sceptre 
even though it is believed to have been formed on the same parent materials. 
It is suggested, therefore, that the Sceptre was laid down in a shallow 
lake which allowed for sorting to the extent noted here. 


All profiles were relatively high in clay with the exception of the 
Melfort which was predominantly silty. The bottom layer of the Melfort 
consisted of varved clay, very different in mechanical composition from 
the remainder of the profile but quite similar to the lower layers of the 
Sceptre and Regina. It is believed that the Melfort is younger than the 
latter two and its mechanical composition would suggest deposition of 
a silty material on finer material similar to the Sceptre and Regina. 


The Three Hills profile was unique in having the lowest silt and the 
highest clay content of all the profiles. No explanation is offered for the 
abnormally low silt and high clay content of the C horizon. 


The mechanical composition of the Nampa profile showed a pro- 
nounced break between the B; and Bs horizons. There was less sand 
and silt, and appreciably more clay at the lower depths. This apparent 
depositional non-conformity may have been produced by the downward 
movement of clay or there may have been two depositional periods. 
If the latter is true, the profile reflects an initial period during which 
material high in clay was deposited, followed by a second period during 
which the silt content was approximately doubled. 


Chemical Analysis (Table 3) 

The cation exchange capacities (C.E.C.) of the Sceptre, Regina 
and Three Hills samples showed relatively small variations within each 
profile. The total exchangeable cations (T.E.C.) in the Sceptre and Regina 
profiles were approximately the same, with the Sceptre having somewhat 
less exchangeable Ca and rather more exchangeable Mg. There was 
a considerable decrease in C.E.C. between 22 and 54 inches in the Melfort 
profile and in the As and B, horizons of the Nampa. 

No explanation can be offered for those cases where the total exchange- 
able cations (T.E.C.) were considerably different from the C.E.C. which 
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was obtained by direct determination. In the case of the 38-42 inch 
and the 42-54 inch samples of the Regina profile, the analyses were possibly 
erroneous. Insufficient material precluded a repeat analysis. 

In general, calcium was the predominant exchangeable cation and 
was fairly uniform throughout all the profiles. The low calcium in the 
Az and B, of the Nampa, together with the very acid pH values and high 
exchangeable hydrogen, probably reflects the effects of soil-forming proc- 
esses. 


Minerals in Sand Fraction (Table 4) 

Feldspars were the predominant group, accounting for more than 
half of the constituents in most of the samples. Quartz was the next 
most abundant mineral in all profiles with the exception of the Melfort 
where it was a relatively minor constituent and where micas were quite 
abundant in the lower layers. However, too much emphasis cannot 
be placed on this analysis because of the low sand content of the Melfort. 
Of all the profiles, only the Regina had, in general, less sand than the 
Melfort. 

It was observed that, in the three Saskatchewan soils, the feldspars 
and ferromagnesian minerals were strongly weathered. This is believed 
to be an inherited feature rather than to have occurred im situ. On the 
other hand, less than 50 per cent of the same minerals in the Three Hills 
and Nampa profiles showed any degree of weathering. It is difficult 


to say whether this is due to the parent material or to soil forming proc- 
esses. 


Minerals in Silt Fractions 


Quartz was the most abundant mineral in all three fractions, decreasing 
slightly in the fine material. The level of feldspars was quite high in the 
coarse fraction and somewhat less in the other two. On the other hand, 
illites and micas, present in trace quantities in the coarse silt, were more 
numerous in the finer particles. Similarly chlorite and kaolinite, absent 
in the coarse fraction, showed a gradual increase with fineness of material. 

The Three Hills and Nampa profiles differed somewhat from the 
other three which were remarkably similar. The most obvious differences 
were the virtual absence of micas in the coarse clay of the Three Hills 
and the presence of the largest quantities of all the profiles in the Nampa. 
This was accompanied by lesser amounts of feldspars than in the Saskat- 
chewan profiles. This can be attributed only to depositional variation 
since the degree of weathering noted on the feldspars and ferromagnesian 
minerals of the sand fraction was not excessive. 


Minerals in the Clay Fractions (Table 5) 

The results were determined from X-ray diffractometer charts. Of 
the non-clay minerals in the coarse fractions, quartz greatly exceeded 
feldspars. Montmorillonite and illite were the predominant clay minerals 
with the latter in many cases exceeding the former, particularly in the 
case of the two Alberta soils. With the exception of the Three Hills 
profile, montmorillonite seemed to increase, or to reach a maximum and 
then level off, with depth. Kaolinite appeared in all profiles with somewhat 
larger amounts in the Melfort. 
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0 
Ficure 2. Diffractometer patterns of fine clays from Regina profile. 


In the medium and fine clay fractions, montmorillonite was by far 
the predominant mineral except in the Nampa soil which contained large 
amounts of illite. Kaolinite was present in the medium clays of all profiles. 
It was absent in the fine clays of the Sceptre and Regina. Trace amounts 
only were found in three of the seven samples of the Melfort profile and 
in the parent material of the Three Hills. 


The diffractometer patterns of the fine clays from the uppermost 
layers of the Sceptre, Regina and Melfort profiles indicated only traces 
to small amounts of montmorillonite, and little else. This is illustrated 
in Figure 2 where tracings representing the uppermost layers of the Regina 
profile are compared with those of clays from the lowest horizons where 
good diffraction effects were noted. The presence of montmorillonite in 
the upper horizons was confirmed by making over-exposed film patterns 
which showed as well the presence of trace amounts of illite. The lack 
of peaks in the diffractometer tracings of these horizons led to the suggestion 
that the materials were mostly amorphous or very poorly crystalline. 
Such materials may be the weathering products which have accumulated 
in these horizons. 
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If the lack of peaks were due to the degradation of montmorillonite, 
it might be explained after Mathers et al. (4) who were able to leach out 
the octahedral layer of montmorillonite with HCl, leaving amorphous 
silica. The possibility that amorphous silica was obscuring the diffraction 
pattern of the clay was tested by leaching the sample, as discussed by 
Foster (3), with 5 per cent NaCO; solution and alternatively with 0.5 N 
NaOH solution, both at 80°C. for 4 hours. The former resulted in moder- 
ately improved diffraction patterns of the clays. The latter treatment 
removed 4.8 per cent SiO, and resulted in montmorillonite being more 
clearly defined but also showed the presence of 14A, 10A and 7A lines, 
It was concluded from this, therefore, that amorphous silica did indeed 
obscure the clay pattern and that treatment for its removal enhanced the 
resultant patterns. 


Mineralogically, the Sceptre, Regina and Melfort profiles were almost 
identical. The lighter texture of the Melfort above a heavier varved 
clay layer and the similarity in mechanical composition between the 
varved clay and the Regina and Sceptre soils were noted above. Leahey? 
believes that the material in the glacial lake or lakes wherein these three 
deposits were formed was transported to these lakes by the South 
Saskatchewan drainage system. The Melfort area was also affected by 
material transported by the North Saskatchewan drainage system which 
probably was active somewhat later. From the similarity of the Sceptre 
and Regina profiles to the varved clay horizon of the Melfort, it is possible 
that all three had been deposited from and by the same source, viz., the 
South Saskatchewan drainage system. As the glacier retreated, the North 
Saskatchewan became effective and deposited the upper part of the present 
Melfort soil. The mineralogy of the three profiles is similar in most respects 
and therefore the two drainage systems were apparently transporting 
material from the same source or from sources that had closely similar 
mineralogy. 

SUMMARY 


The two Alberta profiles differed mineralogically in several minor 
aspects from the Saskatchewan profiles. They had slightly more quartz 
and considerably less feldspars in the silt and clay fractions. They also 
had slightly less montmorillonite which appeared to be less weathered, 
or more crystalline, than that found in the upper horizons of the Saskat- 
chewan profiles. The clay fractions of the Nampa soil were all very high 
in illite; the fine fractions had more illite than montmorillonite whereas 
the fine fractions of the other profiles were almost monomineralic in 
montmorillonite. In general, some kaolinite was found in the coarse 
and medium clay fractions of all profiles. 

One of the more interesting features of this study was the apparent 
degradation of the montmorillonite in the upper horizons of the Saskat- 
chewan profiles as shown by poor diffraction patterns of the clay minerals. 
The causes and manner of this degradation are not known. Removal 
of amorphous silica by alkaline extraction resulted in more clearly defined 
patterns. This indicated that the diffractometer patterns were being 
obscured by this material. This can be interpreted as evidence in support 
of clay degradation. 
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ABSTRACT 


A mineralogical study was made of some drill cores of Bearpaw shales from 
the site of the proposed power and irrigation dam on the South Saskatchewan 
River. Mechanically, the samples fell into three distinct groups, viz., 
Group 1: low sand, high silt, and high clay; Group 2: high sand, moderate 
silt, and high clay; Group 3: high sand, low silt, and very high clay. A sample 
which showed lesser shear strength when compared with the others fell into 
Group 3 which differed, mineralogically, from the other groups by the presence 
of biotite in the sand and more illite in the silt and clay fractions. Otherwise 
all samples were quite similar in mineral composition, with montmorillonite 
the predominant clay mineral. 


The source of some of the soils of Southern Saskatchewan and Southern 
Alberta has generally been attributed to the Bearpaw formation. This view 
is supported by the present study. 


INTRODUCTION 


An investigation into the mineralogical composition of samples which 
were taken from bedrock drill cores in the vicinity of the proposed dam 
on the South Saskatchewan River? has been completed. These samples 
featured difierent physical properties and it was suggested that the varia- 
tions might be related to differences in mineralogical composition. The 
Bearpaw shale formation underlies a large portion of the Canadian prairies 
and in this formation occasional layers of what is believed to be bentonite 
or bentonitic shale are encountered. These occur sometimes as distinct 
layers of soft olive-coloured or hard whitish material but occasionally as 
small specks or pockets in a shale matrix. Both the olive-coloured and 
the whitish materials have relatively high plasticity and high moisture 
content. However, the former is very soft whereas the latter is relatively 
much harder and possesses higher shear strength than even the adjoining 
shale. These layers are of considerable importance from the point of view 
of general stability of the formation as a foundation for the dam. It was 
hoped that some of the physical properties could be explained on the basis 
of the mineralogical composition. In addition, such a study would tie in 
very closely with studies of soil profiles, since the Bearpaw formation is 
reputed to be the source of many of our Western soils. 


MATERIALS AND METHODS 


The samples are described in Table 1 (2). The drill-holes were located 
in the Province of Saskatchewan in or adjacent to Section 35, Township 26, 
Range 7, west of the Third Meridian, approximately 80 miles due south 
of Saskatoon. The depth at which the samples were obtained ranged from 
50 to 150 feet below the surface. The lenses and pockets in Sample 63 





1 Contribution No. 430, Chemistry Division, Science Service, Ottawa, Ont. — E 
2 At the request of R. Peterson, Soil Mechanics Engineer, Prairie Farm Rehabilitation Administration, 
Saskatoon, Sask., who supplied the samples and their description, 
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TABLE 1.—DESCRIPTION OF SAMPLES 





= 














| Sample 
Sample | Drill hole Depth elevation! Classification 
No. No. ft. ft. 
aceehaeenio ante - - 

40A | RD 894 75.4- 75.9 1601.5 Shale, hard 

18 | RD 921 50 —- 51.7 1670.9 | Shale, medium, trace pyrites 

63 RD 934 110.7-112.3 1594.8 Shale, hard, bentonitic lenses, 

| layers and pockets 

42 | RD 921 86.1- 87.8 1634.8 Shale, hard, bentonitic 

118 | RD952 | 50.5-51.0 | 1716.4 | Shale, diagonal bentonitic layer, 
| numerous bentonitic specks 

90 | RD 905 155.5-157.0 | 1590.9 | Bentonitic shale layer 

33A | C 942 i ae 1633.1 | Bentonitic shale layer, soft, olive 

green colour. 


1 Above mean sea level 


were so distinctly different from the matrix, and lent themselves so readily 
to mechanical separation that such a separation was effected. The con- 
tents of the lenses and pockets of Sample 63 were combined as Sample 63A 
and the matrix was designated 63M. Samples 40A and 18 were described 
as being the usual type of Bearpaw shale whereas the remaining five were 
considered to be bentonitic shale in one form or another. Sample 33A 
was olive-coloured, had high plasticity and relatively low shear strength as 
compared to all the other samples. 

Treatment of the samples, in accordance with the usual practice 
in these laboratories was briefly as follows: 1) Mechanical analysis by 
sedimentation in which the samples were separated into sand (>50y), 
silts (50-20u, 20—5u, 5-2), and clays (2-0.2u, <0.2u); 2) sand fractions 
separated, using heavy liquids, into specific gravity sub-fractions of 
(a) >3.00, (b) 3.00 —-2.73, and (c) <2.73; 3) X-ray diffraction analysis 
of all fractions and sub-fractions; 4) petrographic analysis of all sand 
sub-fractions; 5) cation exchange capacities of the fine clays (<0.2y), 
using a hydrogen resin (IR120) and titrating the resulting hydrogen clay 
to pH 7 with 0.01N KOH in the presence of KCl; 6) partial chemical 
analysis of one of the sand sub-fractions. 


RESULTS AND DISCUSSIONS 


From the mechanical analysis (Table 2), it seems fairly evident that 
the samples (omitting 63A) fall into three main groups, viz., Group 1: 40A, 
18, 63M which have low sand, high silt and high clay; Group 2: 42 and 
11B which have high sand, moderate silt and high clay; Group 3: 90 and 
33A which have high sand, low silt and very high clay. This type of 
subdivision would, in general, reflect variations in depositional conditions 
and, from a genetic point of view, may not be too significant. Indeed, as 
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TABLE 3.—X-RAY AND PETROGRAPHIC ANALYSIS OF SAND FRACTIONS 












































Specific | ; 
Sample gravity Minerals present 
40A >3.0 Largely P; tr B, F, Py 
| 3.0 -2.73 | Largely F; some B, Q, A, Py; tr C &/or K 
| <2.73 | Largely Q, F; some B; tr C &/or K 
a | 18 7 >3.0 Largely P; some B; tr F, Py 
2 3.0 -2.73 Largely Q, F, A, Py; some B; tr C &/or K 
5 | <2.73 | Largely Q, F; tr B, C &/or K 
0 |_—______—- - - 
63M | >3.0 Largely P; some B; tr Q, F, A, Py 
3.0 -2.73 Largely F; some C &/or K, Q, B 
{ <2.73 Largely F, Q; tr B, A, Py 
63A >3.0 Largely P, A; some B, Py; tr Q 
3.0 -2.73 | Largely F, A, Py; some Q, C &/or K; tr B 
<2.%3 Largely F, Q; tr A, B, C &/or K 
42 3.0 Largely P; some B, Py; tr Z, F 
i 3.0 -2.73 Largely F, B; some Q, A, Py; tr C &/or K, Op 
., | <2.43 Largely Q, F; tr B, C &/or K 
2 aco 
g 11B >3.0 Largely P; some A, Py, B; tr F, Z, Q 
) 3.0 -2.73 Largely F; some A, Q, C &/or K; tr B, Z 
<2.73 | Largely Q, F; tr A, B 
90 >3.0 | Largely B; tr Py, Op 
3.0 -2.73 | Largely B, F, Q; tr A, Py 
be <¢2.73 Largely F, Q; tr B 
x 33A >3.0 Largely B; tr Op, A, Py 
0 3.0 -2.73 | Largely B, F; some Q 
<2.73 Largely Q; some B, F 








A = Amphibole; B = Biotite; C = Chlorite; F = Feldspar; K = Kaolinite; 
Op = Opaque, other than pyrite; P = Pyrite; Py = Pyroxene; Q = Quartz; Z = Zircon; 
tr = trace 


Note: The feldspars encountered in the intermediate fractions seem to be considerably 
more calcic than do those in the light fractions (based on index of refraction). 


TABLE 4.—SPECIFIC GRAVITY SEPARATION OF SAND FRACTIONS 


(as per cent of total sand) 





Sample Total sand >3.0 3.0-2.73 <€2.73 
(40A) 0.61 38.9 5:3 56.0 
(18) 0.92 4.7 6.5 88.8 
(63M) 0.69 1.0 6.4 92.6 
(63A) 0.96 1.0 a3 96.9 
(42) 11.55 1.0 4.8 94.2 
(11B) 10.48 0.4 4.9 94.7 

) 13.36 9.9 29.9 64.6 
(33A) 13.22 22.3 77.7 





noted above, Samples 40A and 18 are alleged to be typical Bearpaw shale 
and the removal of bentonitic lenses from Sample 63 left it with essentially 
the same mechanical composition as the others in Group 1. However, if 
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the mechanical analysis of the samples placed in Group 1 is accepted as 
being typical of Bearpaw shale, then it is difficult to classify the other 
two groups as such because of their high sand content. If anything, one 
would expect the latter groups would be lower in sand because of the 
dilution effect of the entrapped bentonitic materials. It is concluded, 
therefore, that there is no typical mechanical analysis for Bearpaw shale 
and that all the samples discussed in this report can be so classified. 

In general, the X-ray and petrographic data on the sand fractions 
(Table 3) supported the division of the samples into the three groups, 
although there were distinct similarities in the sands of Groups 1 and 2. 
On the other hand, the specific gravity sub-fractions of the sands (Table 4) 
showed very little relationship between the samples within each group, 
with the exception of the samples of Group 2. Again, this might be 
attributed to depositional variation. However, other factors must be 
taken into consideration. 


Discussions with geologists, having experience in the region of the 
Bearpaw formation, elicited general agreement that the pyrite was probably 
authigenic. Rubey (5) as interpreted by Pettijohn (3) found frequent 
association of pyrite with organic matter in black shales or slates and 
concluded that the most favourable conditions for the formation and 
preservation of pyrite together with organic matter and calcium carbonate 
were shallow water and a rapid accumulation of organic matter. Under 
these anaerobic or reducing conditions, iron sulphide would form in the 
putrefying ooze. Sulphur was undoubtedly present in adequate amounts 
as evidenced by the frequency with which selenite has been encountered 
throughout the Bearpaw formation (1,2,6)._ Because our analyses did not 
take into account the need for measuring organic matter and calcium 
carbonate, these can only be reported qualitatively. Thus, after Rubey, 
it is likely that the pyrite was formed in situ. 

Sample 33A, because of its high plasticity and low shear strength, 
was the one with which the engineers and officials of the proposed dam 
were most concerned. The sand fraction of this sample contained only a 
trace of pyrite and the heavy fraction was almost a monomineralic dark- 
mica. There was some doubt as te whether this mica was biotite or 
phlogopite, but indices of refraction, combined with a partial chemical 
analysis (Fe,O;-21.2 per cent, MgO-11.5 per cent), were sufficient to 
suggest the former. In the only other case (Sample 90) where biotite 
was the predominant heavy mineral there was again just a trace of pyrite. 
It is extremely puzzling that those layers high in biotite contained very 
little pyrite. One can only speculate that aerobic conditions prevailed 
during their deposition or, if Rubey’s thesis is correct, that little or no 
carbonate and organic matter were contemporaneously deposited. 

Although all samples showed trace amounts of biotite a direct relation- 
ship between the biotite and montmorillonite (in general, the predominant 
clay mineral in all samples) was ruled out by virtue of the former being 
trioctahedral and the latter dioctahedral. In addition, the illite found in 
some of the samples was dioctahedral, which could suggest a relationship 
between it and the montmorillonite. 
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As will be noted in Tables 3 and 5, the mineralogy of all the samples, 
with the exception of those in Group 3 (Samples 33A and 90), was remark- 
ably similar. 

The two lighter specific gravity sub-fractions of the sands of virtually 
all samples indicated the presence of both albitic plagioclase and a more 
calcic variety. In most cases, the former was badly weathered whereas 
the latter appeared to be fresh. Because this is contrary to the usually 
accepted weathering sequence, it is assumed that it reflects a depositional 
characteristic. Over and above the high biotite content of the Group 3 
samples (close to 3 per cent of total in sample 33A) was the fact that their 
silt fractions, with the exception of the medium silt of Sample 334A, con- 
tained illite as the predominant mineral. Thus Group 3 samples probably 
contained more mica minerals (illite and biotite) than did all the others. 
Although it would be expected that the properties of Sample 90 would be 
much the same as those of Sample 33A, this was not the case. Actually 
Sample 90 was harder and had higher shear strength than Sample 33A*. 
The chief mineralogical difference between the two samples of Group 3 can 
be limited to their biotite content which was about three times as large 
in Sample 33A as in Sample 90. Whether the differences in properties 
of Sample 33A, noted by the engineers, can be attributed to the relatively 
high biotite content cannot be answered. Certainly the differences do not 
seem to be attributable to clay content which was not very different from 
that of several of the other samples, nor was its cation exchange capacity 
(Table 5). It is concluded, therefore, on the basis of mineralogical studies, 
that the Group 3 samples are unique because of their high mica content, 
but that the unusual physical properties of Sample 33A are unlikely to be 
explained on mineralogical grounds. 


The authors were quite impressed by the similarities between the 
mineralogical composition of the Bearpaw shales and that of some of the 
soils of Southern Saskatchewan and Southern Alberta, viz., the Sceptre, 
Regina, Melfort and Three Hills series (4). The parent materials of 
these soils were deposited as the result of glacial action and their source 
has generally been attributed to the Bearpaw formation. The present 
study would tend to support this view. 
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ABSTRACT 


A mineralogical study of the fine sand fraction of unweathered tills and 
stratified sands chosen to represent the deposits of the major ice lobes of 
southern Ontario was carried out. In addition, a few analyses were made 
of the coarse silt and coarser sands. 

In general there was the same variety of minerals in all samples and they 
varied only in their proportions. Tills overlying Palaeozoic bedrock con- 
tained abundant carbonates and shale fragments constituting up to 70 per 
cent of some fine sands. In the coarse sands, carbonates and shale increased 
sharply. In the coarse silt and fine sand, feldspars were more abundant 
than quartz whereas in the medium and coarse sand the reverse was true. 
Quartz increased in quantity with increasing grain size and reached a max- 
imum in the medium sand. Heavy minerals usually constituted less than 
15 per cent of the fine sand. Some of the minerals present in the coarse 
silt and fine sand were not found in the coarser sands. Usually the order 
of abundance of the heavy minerals was: hornblende, garnet, micas, magne- 
tite, pyroxenes and sphene. Epidote, rutile, apatite, tourmaline, staurolite, 
kyanite and others were also noted. A chart listing the plant nutrient 
elements found in these minerals was prepared. 


INTRODUCTION 


Ontario is a glaciated area and most of the mineral soils are developed 
on glacial tills and related water-laid sediments. One of the requirements 
for an understanding of the development and character of the soil, therefore, 
is a knowledge of the composition of these parent materials. Some chemical 
studies have been made but very few mineralogical analyses are available. 

The work described in this paper deals mainly with the mineralogy of 
the fine sand fraction of selected samples of tills and stratified sands from 
throughout southern Ontario. A few supplementary analyses were made 
on the coarser sand and coarse silt from the same samples. The clay 
fraction of the tills is being investigated as a parallel project to give in- 
formation on a fairly full range of particle sizes. 

In addition to its application to the soils and their fertility such 
information is needed in connection with industrial uses of these materials, 
particularly of the stratified sediments. Also, it is hoped that this study 
of the composition of the drift will further our knowledge of the move- 
ments of the glaciers and the source of the materials. 


LITERATURE REVIEW 


Although a great deal of work has been carried out on the glacial 
history of Southern Ontario, few detailed studies have been made of the 
actual mineralogical composition of the glacial deposits. Chapman and 
Putnam (2) gave a general description of these deposits and their com- 
position, and this research is a continuation of that work in a more detailed 
manner. Willis (22) and Mirynech (17) made mineralogical studies of 
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some soil profiles, and Derry (6) and Perrault (18) made studies of the 
heavy minerals of the Pleistocene beds in the Don Valley and Scarborough 
Bluffs. Gravenor (12) did research on the bedrock source of tills in south- 
western Ontario and Henderson (13) analysed the distribution of pebbles 
of Palaeozoic rocks in the tills along the north shore of Lake Ontario. At 
the University of Western Ontario, graduate students (4,15) and members 
of the Geology Department (7,8,9) have carried out mineralogical work 
dealing mainly with the differentiation of till sheets in southwestern Ontario 
by heavy mineral studies and other means. 


MATERIALS AND METHODS 


Sampling 

Samples were collected in order to represent the deposits of the major 
ice lobes of southern Ontario. They were taken from the unweathered 
soil at a depth of 5 feet or more from the surface. When sampling a 
particular deposit, material was collected from several locations over the 
area and then mixed together to form a composite. This was done to 
nullify the effect of local variations and to obtain a more representative 
sample of the deposit. In the laboratory the soil was air dried and passed 
through a 2-mm. sieve to remove coarse particles. 

Figure 1 shows the locations of the areas from which samples were 
taken. 
Laboratory Procedure 

Mineralogical analyses were made on the fine sand fraction 
(0.05-0.25 mm.) of twenty tills and nine samples of stratified sand. In 
addition, the coarse silt (0.025—0.050 mm.), medium sand (0.25—0.50 mm.) 
and coarse sand fractions (0.5—2.0 mm.) from five of the tills were analysed. 

After the removal of organic matter with hydrogen peroxide and the 
cleaning and dispersion of the grains with sodium carbonate, the soil was 
separated into the desired fractions by sieving and sedimentation (14). 
The heavy minerals were separated using bromoform (s.g. 2.85) and then 
the grains were mounted in Canada balsam. Identification of the minerals 
was mainly by the use of the petrographic microscope supplemented with 
a staining technique for feldspars (20) and by the use of index of refraction 
oils. Details of these procedures and full descriptions of the minerals are 
given in a previous paper (5). 


EXPERIMENTAL RESULTS AND DISCUSSION 


The results obtained from the mineralogical analyses of the fine sand 
are shown in Table 1. The composition is expressed on a percentage by 
weight basis. In general, there is the same variety of minerals in all the 
samples and they vary only in their proportions. If the carbonates and 
shale fragments had been removed, the similarity between them would have 
been even more apparent, since it is the local bedrock which has the greatest 
effect on the composition. Carbonates constitute from a few per cent to 
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70 per cent in these deposits. Where shale is the bedrock, the deposits 
contain a large quantity of shale fragments. In the Trafalgar till, these 
grains constitute 43 per cent of the fine sand. 

There are many minerals whose source was in the Canadian Shield, 
Dreimanis et al. (9), working on the 0.15 to 0.83 mm. sand fraction, found 
that the proportions of certain heavy minerals could be used to separate 
the tills of the Huron and Erie lobes. However, even in the fine sand 
where a greater variety is found there is no mineral invariably present to 
serve as a basis to separate one lobe from another. If such a mineral does 
exist it is very rare and is therefore a poor indicator. The similarity in 
mineralogical content is probably due to the nature of the source rocks in 
the Canadian Shield. Even though there is a great variety present these 
types are evenly distributed north of the area under study and the glacial 
deposits reflect this uniformity. 


The characteristics of the deposits will now be discussed in more 
detail. 


Huron Lobe 


Three of the samples were associated with this ice lobe: the Huron till 
found along the east side of Lake Huron, the Lambton till deposited at 
the southern end of the lobe, and the Caradoc sand laid down in a delta 
of the Thames River in Lake Whittlesey. These deposits rest on Devonian 
limestones and shales and in each the local bedrock fragments are pre- 
dominant. Feldspars constitute from 20 to 30 per cent while quartz varies 
from about 17 per cent in the tills to 33 per cent in the sand. 

The Huron till contains more carbonates than the other two deposits 
but possesses no really characteristic mineral except in the medium sands 
where chlorite-serpentine-sericite fragments first noted by Dreimanis et al. 
(9) occur. A few of these fragments were also noted in the fine sand 
fraction of the Lambton till. The Lambton till is characterized by the 
presence of black shale fragments, sulphides (pyrite and marcasite) and 
amber-coloured spore cases of Protosalvinia huronensis, all of which are 
common in the Huron formation (1). Euhedral gypsum crystals, some up 
to 1 inch in length, are also present. The Caradoc sand contains about 
15 per cent more quartz than the two tills and also a larger quantity and 
variety of heavy minerals. A few grains of the ‘‘indicolite’’ variety of 
tourmaline showing plechroism from blue to black were unique for this 
deposit. This is the type of key mineral that would be very useful if 
only present in larger amounts. 


Georgian Bay Lobe 

The Georgian Bay ice lobe moved out of Georgian Bay and passed 
over the upland to the south leaving a series of deposits very similar in 
their composition. Five tills are included here: the Beaver and the Bighead 
tills deposited in deep pre-glacial valleys cut into the Niagara escarpment 
on the southern side of the bay and the Grey, Dundalk and Teeswater 
tills above the escarpment. The Saugeen sand is closely associated with 
the Grey and Dundalk tills. Carbonates predominate in all of these 
deposits especially in those found on top of the escarpment where dolomite 
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formations form the bedrock. The Beaver and Bighead tills are quite 
similar, having about 40 per cent carbonates and 35 per cent feldspar. 
Quartz is more abundant in the Beaver till than in the Bighead. The 
Grey, Dundalk and Teeswater tills all contain from 50 to 70 per cent 
carbonate fragments with dolomite predominating. Quartz and feldspars 
each constitute between 10 and 20 per cent. Heavy minerals are not 
abundant and are especially rare in the Grey till although tabular glassy 
barite crystals are found in the medium sand fraction of this deposit. The 
Saugeen sand is very similar to the Grey till except that more heavy 
minerals are present including a noticeable number of epidote grains. 


Ontario-Erie Lobe 


Two deposits from this lobe were studied, the Guelph till and the 
Norfolk sand. They vary widely in composition. The Guelph till was 
deposited as drumlins and associated ground moraine by ice moving west 
from the Lake Ontario basin. It is very similar to the Grey, Dundalk 
and Teeswater tills with almost 50 per cent carbonates present. However, 
feldspars and heavy minerals are more abundant than in the tills of the 
Georgian Bay lobe. The Norfolk sand was deposited in a delta of the 
former Grand River in lakes Whittlesey and Warren as the ice retreated 
the Erie basin. There are more feldspars and heavy minerals and fewer 
carbonates than in the Guelph till. An anomalous characteristic of this 
sand is the predominance of calcite. One would expect a high proportion 
of dolomite since the deposit was supposedly derived from dolomite-rich 
material to the north. 


Ontario Lobe 


The tills of the Ontario lobe were deposited by an ice mass moving into 
the Ontario basin from the St. Lawrence lowlands. The two most easterly 
deposits, the Quinte and the Durham tills, are very similar, the fine sand 
having about 45 per cent feldspars, 30 per cent carbonates and about 
17 per cent quartz. They tend to resemble the Otonabee till rather than 
the other two deposits of this lobe, the King and Trafalgar tills. The 
Quinte till differs from the other deposits by having much more hornblende. 
Quartz is rather abundant in the King till and an appreciable number of 
zircon crystals were also noted. The Trafalgar till is a rather interesting 
deposit in that 43 per cent of the fine sand fraction consists of shale frag- 
ments. There are three types, 21 per cent being red Queenston shale, 
18 per cent greenish grey Meaford shale, and 4 per cent dark grey grains 
from the Dundas formation. Dreimanis et al. (9) note that purple and 
colourless garnets are more abundant than red garnets in tills deposited 
by ice moving into the Erie basin from the east. It was found that the 
purple and colourless garnets were also plentiful in the tills of the Ontario 


lobe, although only in the Trafalgar till were they more abundant than the 
red type. 


Interlobate 


The Oak Ridges sand was taken from kames located in the Oak Ridges 
interlobate moraine. Feldspars constitute about 41 per cent, carbonates 
(predominantly calcite) 25 per cent, and quartz 26 per cent. The com- 
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position is intermediate between that of the deposits of the Simcoe-Kawartha 
Lakes lobe to the north and the Ontario lobe to the south, although it 
resembles most closely the Alliston sand. 


Simcoe-Kawartha Lakes Lobe 


The two tills studied here, the Otonabee and the Bondhead, were 
deposited by ice moving south off the Canadian Shield and show a mixing 
of minerals from crystalline rocks and local bedrock. The Otonabee till 
contains about equal amounts of feldspars and carbonates whereas, in the 
Bondhead deposit, feldspars are much more abundant. The Bondhead 
till also contains more garnet and magnetite than the Otonabee till. The 
Alliston sand was deposited in deltas formed by short fast streams which 
drained off the Niagara escarpment into Lake Algonquin. These streams 
dissected terraces which had been laid down along the face of the escarpment 
by streams flowing to the south along the ice front. The relatively high 
quantity of feldspars, hornblende and red garnet indicates that much of 
the material was derived from the crystalline rocks of the Canadian Shield 
whereas the carbonates constituting about 30 per cent of the deposit were 
derived from rocks of the Black River and Trenton formations. 


Canadian Shield 


These samples were selected in this source area to serve as a basis for 
assessing the effect of the Palaeozoic bedrock in the drift to the south. 
All the deposits contain abundant feldspars, quartz and hornblende. The 
Parry Sound till has a large quantity of red garnets as do the Medonte till 
and the Penetang sand which lie to the south. This mineralogical evidence 


supports the idea suggested by Chapman and Putnam (2) that the Medonte 
till (Simcoe Uplands) was deposited originally as terminal moraines by ice 
moving southeast out of Georgian Bay depression rather than by a south- 
westerly thrust from the Haliburton area. The Haliburton and Tory Hill 
tills have fewer garnets and contain a larger quantity of pyroxenes. These 
deposits were derived from the garnet gneisses, crystalline limestones and 
other metamorphic rocks of the Grenville series. The Alice sand was 
deposited by the Indian River flowing off granites and granite gneisses 
and therefore there are few minerals present typical of the metamorphic 
rocks of the Grenville type. 


Ottawa-St. Lawrence Region 


The four samples from this area, consisting of two tills and two sands, 
vary widely in composition. The Manotick till of the North Gower area 
was deposited by ice moving south over Palaeozoic limestones. The main 
constituents are 47 per cent carbonates, 23 per cent feldspars and 19 per 
cent quartz. The Glengarry till is similar to the Manotick except that 
it contains more feldspars and less hornblende. The Russell-Prescott sand 
was deposited in a delta in the Champlain sea by the Ottawa, Gatineau 
and other streams flowing off the highlands to the north and, although it 
rests on Palaeozoic bedrock, minerals from the Canadian Shield predominate. 
The Kemptville sand was deposited as kames or eskers which were later 
reworked by the Champlain Sea. Like the Russell-Prescott sand, minerals 
derived from crystalline rocks constitute most of the deposit. The one 
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distinctive feature of the deposits of the Ottawa-St. Lawrence region is the 
predominance of purple and colourless garnets over the red type. This 
indicates a common origin for the tills of the Ottawa-St. Lawrence region 
and the Ontario and Erie lobes. 


Analysis of Coarse Silt, Medium Sand and Coarse Sand 


The fine sand fraction of the soils had been chosen for study because 
the grains could be easily mounted in balsam and were large enough for 
easy identification with the low power of the petrographic microscope. 
However, the fine sand is only a small part of the soil and, therefore, it was 
decided to analyse the coarse silt, medium sand and coarse sand from five 
selected tills in order to determine how the composition of these fractions 
differed from that of the fine sand. 

It was found that the coarse silt and the fine sand contain the same 
variety of minerals whereas, in the medium sand, many of the rarer minerals 
such as andalusite, kyanite and tourmaline are not present. Quartz 
increases in quantity with increasing grain size and reaches a maximum in 
the medium sand. In the coarse silt and fine sand, feldspars are more 
abundant than quartz whereas in the medium and coarse sand the reverse 
is true. Carbonates and shale increase sharply in the coarse sand but both 
feldspar and quartz decrease. Table 2 gives the percentage by weight of 
the most common minerals in the coarse silt and sand fractions. 


Sources of Plant Food Elements 


One of the aims of this study was to relate the elements essential to 
plant growth to the minerals found in the sand fraction of the soils of 
southern Ontario. Table 3 lists the minerals found in the fine sand 
fraction, their composition and the nutrient elements present. Many of 
the nutrients present as trace elements in the mineral may be present as 
only occasional atoms substituting for a major element of the mineral or 
as impurities between the crystal lattice rows. Information regarding the 


TABLE 2.—PERCENTAGE BY WEIGHT OF MOST COMMON MINERALS IN 
COARSE SILT AND SAND FRACTIONS OF TILLS 














Coarse Fine Medium Coarse 
silt sand sand sand 
‘ Carbonates and shale 62.0 53.0 54.0 73.0 
Huron Till Feldspars 28.0 27.0 14.0 $.3 
Quartz 6.1 17.0 30.0 10.0 
; Carbonates and shale 78.0 70.0 71.0 94.0 
Grey Till Feldspars 11.0 14.0 8.9 1.4 
Quartz 6.0 14.0 17.0 2.8 
Carbonates and shale 35.0 35.0 50.0 64.0 
Peterborough Till Feldspars 47.0 38.0 16.0 13.0 
Quartz 15.0 21.0 32.0 15.0 
z ‘ Carbonates and shale 53.0 28.0 39.0 53.0 
Quinte Till Feldspars 34.0 45.0 23.0 15.0 
Quartz 6.5 16.0 33.0 20.0 
- ‘ Carbonates and Shale 46.0 47.0 38.0 86.0 
North Gower Till Feldspars 31.0 23.0 28.0 4.2 
Quartz 7.2 19.0 32.0 6.6 


ee as 
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TABLE 3.—NUTRIENT ELEMENTS PRESENT IN MINERALS OF FINE SAND FRACTION 








Nutrient elements 
Chemical formula Nutrients Other nutrients 
expressed present in trace 
in formula amounts 


Name of a 
mineral 





Actinolite Ca2(Mg,Fe)s(OH)2(SisOn)2 Ca,Mg,Fe K,Co,Mn,Zn,P,F 

Aegirine NaFe(SiOs)2 Fe K,Ca,Mg,Co,Mn,Zn,P 

Andalusite AhSiOs P 

Apatite CasF(POs«)s Ca,F,P K,Fe,Mg,Mn,P,S 

Augite Ca(Mg,Fe)(SiOs)2. (Al, Fe)2Os Ca,Mg,Fe K,Cu,Co,Mn,Zn,P 

Biotite (H,K)2(Mg,Fe)2Als(SiO«)s K,Mg,Fe Ca,Cu,Co,Mn,Zn,P,F,B 

Calcite CaCOs Ca Fe,Mg,Mn,Zn,P,F,S 
(limestone) 

Chlorite Als(Mg,Fe)s(OH)sSisOn0 Mg,Fe Co,Mn,P,F,B 

Clinozoisite CazAls(OH) (SiO«)s Ca Fe,Mn,P,F 

Diopside Ca(Mg,Fe) (SiOs)2 Ca,Mg,Fe K,Cu,Co,Mn,Zn,P 

Dolomite Ca(Mg,Fe)(COs)2 Ca,Mg,Fe Co,Mn,Zn,P,S 

Enstatite MgsSiOs; Mg Ca,K,Fe,Co,Mn,Zn,P 

Epidote Ca2(Al,Fe)s(OH) (SiO«)s Ca,Fe Mn,F,P 

Gypsum CaSO,.2H:0 Ca,S Fe,Mg 

Garnet (Ca,Fe,Mn,Mg)s (Al,Fe,Cr) (SiO«)s Ca,Mg,Fe,Mn| Co,Zn,P 

Hornblende mCa(Mg,Fe)s(SiOs)4-+-n(Al,Fe)(F,OH)SiOs | Ca,Mg,Fe,F K,Cu,Co,Mn,Zn,P,B 

Hypersthene (Mg,Fe)SiOs Mg,Fe Ca,K,Co,Mn,Zn,P 

Kyanite AbhSiOs 

Limonite H2Fe2O«(H20)x Fe Cu,Co,Mn,Zn,Mo,P,F,S 

Magnetite FeFe2O, Fe Mg,Cu,Co,Mn,Zn 

Ilmenite FeTiOs Fe Mg,Cu,Co,Mn,Zn 

Microcline KAISizOs Fe,Zn,P 

Muscovite H2KAls(SiO«)s Ca,Mg,Fe,Co,Mn,Zn,F 

Orthoclase (K,Na)AISisOs Fe,Zn,P 

Phlogopite H2K,MgsAl(SiO«)s : Ca,Fe,Co,Mn,Zn,F,S 

Plagioclase NaAlSizsOs—CaAhSizOs 3 K,Mn,Zn,P 

Quartz SiOz P 

Rutile TiOz P 

Shale Fragments Clay minerals, carbonates, etc. K,Fe,Mg,Ca Cu,Co,Mn,Zn,Mo,P,B,F,S 

Sphene CaTiSiOs Ca Fe,Mn,P 


Staurolite Fe(OH)2(AlsSiOs)2 Fe Co,Mn,Zn,P,F 
Pyrite- 
Marcasite FeS2 Fe,S Mn,Co,Cu 
Tourmaline (Fe,Mg,Na)sAlsB2(OH)2SisOis Fe,Mg,B Mn,Zn,P,F 
Tremolite HeCa2(Mg,Fe)s(SiOs)s Ca,Mg,Fe K,Co,Mn,Zn,F,B 
F,P 








Zircon ZrSiOx 


distribution of the trace elements was obtained from the following sources: 
Clarke (3), Goldschmidt (10), Goudge (11), MacPherson (16), Rankama 
and Sahama (19), Stonehouse (21) and F. G. Smith*. 

Two of the most important elements are phosphorus and potassium. 
The main sources of phosphorus are probably limestone and shale fragments, 
and apatite. Potassium is present in large amounts in the potash feldspars 
but these feldspars are very resistant to weathering and, where present, the 
shale fragments are probably more important. Boron is a very important 
minor element. It is probably derived more from the weathering of shales 
than from the very resistant and rare tourmaline. In this connection, it 
may be significant that corky core in apples which is due to boron deficiency 
is common east of Oshawa but seldom found on the shaly soils to the west. 
However, research involving the relationship between minerals and weather- 
ing is beyond the scope of this paper. It is hoped that the information 
given here, regarding the elements present in the unweathered soil, will 
provide a basis for future work on the upper horizons of the soils. 


CONCLUSIONS 


All the minerals found in the sand fraction of the unweathered soils, 
except the carbonates, shale fragments, sulphides, gypsum and a little 
quartz, were derived from the rocks of the Canadian Shield predomi- 
nantly those of the Grenville type. 


* Smith, F. G., University of Toronto. Personal Communication, 
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The carbonate content is very variable and ranges from zero to over 
65 per cent in the fine sand. It tends to increase sharply in the coarse 
sand whereas both quartz and feldspars decrease. 

Feldspars range from 14 to 73 per cent in the fine sand and dominate 
in every sample where carbonates are not the most abundant minerals. 
The exception is the Trafalgar till in which shale fragments predominate. 
In the coarse silt and fine sand, feldspars are more abundant than 
quartz whereas in the medium and coarse sand the reverse is true. 
Quartz in the fine sand ranges from 12 to 33 per cent. It increases in 
quantity with increasing grain size and reaches a maximum in the 
medium sand. 

In regions where shale is the bedrock, shale fragments occur in the fine 
sand fraction. They are especially abundant in the Trafalgar till, 
overlying the Queenston shale and make up 43 per cent of its fine sand. 
In most of the samples the main heavy minerals (excluding dolomite 
which occurs in both the light and heavy fractions) occur in the following 
order of abundance: hornblende, garnet, micas, magnetite, pyroxenes 
and sphene. 

All deposits of the Ottawa-St. Lawrence region have a higher per- 
centage of purple and colourless garnets than red garnets. 

In the Georgian Bay-Lake Simcoe district the deposits have a relatively 
high percentage of red garnets, derived from the garnet-rich rocks of 
the Parry Sound district. This mineralogical evidence supports the 
idea suggested by Chapman and Putnam that the Medonte till (Simcoe 
Uplands) was deposited originally as terminal moraines by ice moving 
out of the Georgian Bay depression. 

The rare minerals such as tourmaline, kyanite and andalusite occur as 
only a few grains per slide. They serve only to indicate whether the 
sand was derived primarily from igneous or metamorphic rocks in the 
Canadian Shield. 

The composition of the stratified sand deposits may bear no relationship 
to the bedrock; for example, the Russell-Prescott and Penetang sands 
occur on Palaeozoic bedrock but minerals from the Canadian Shield 
dominate. 
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ABSTRACT 


The determination is based on the difference in rates of solution of calcite 
and dolomite. The CO: evolved from reaction of a mixture of calcite and 
dolomite in excess HCl is measured at frequent intervals until the reaction is 
completed. The logarithm of the amount of CO, equivalent to unreacted 
carbonate is plotted against time. Following the rapid and complete 
solution of calcite, the curve for dolomite assumes a much smaller slope and is 
linear for a period of time. Extrapolation of this linear portion of the curve 
to zero time gives the amount of CQ: equivalent to the dolomite initially 
present. The CO, from calcite is obtained by difference from the total CO». 
The amounts of calcite and dolomite found in a number of prepared mixtures 
by this intercept method were in good agreement with the amounts known to 
be present. Several samples of limestone and calcareous soil were analysed by 
the proposed method and the results were compared with X-ray diffraction 
and chemical data. 


INTRODUCTION 


There are several methods for the determination of calcite and dolomite 
in carbonate materials but all have one or more weaknesses. X-ray 
diffraction (7) is reasonably accurate but requires elaborate equipment 
and careful standardization. Calculation of the amounts of calcite and 
dolomite from total (4) and partial (1,5) chemical analysis requires the 
assumption of an ideal dolomite formula and the absence of other calcium 
or magnesium minerals. Differential staining of these minerals in thin 
section often is unsatisfactory (8). 


The difference in rate of solution of calcite and dolomite in acetic 
acid or HCI has been used for many years to differentiate the two minerals 
qualitatively. A quantitative method has been reported (9) in which 
calcite was estimated from the CO, evolved from acid-treated carbonates 
in a given time, and dolomite was obtained by difference from the total 
CO, evolved. A semi-quantitative method based on the different rates of 
solution of the minerals in EDTA has been proposed (8). Since calcite 
and dolomite decompose simultaneously though at vastly different rates 
and since the rate of solution may depend upon particle size and crystalline 
nature of the limestone, the use of an arbitrary time to differentiate the 
two minerals may not be satisfactory. 


Observation of the difference in behaviour of the two minerals, with 
respect to rate of CO, evolution following acid treatment (2,6), led to 
development of a method based on (a) measurement of rate of CO, evolution, 
(b) a plot of CO, representing unreacted carbonate against time, (c) extra- 
polation to zero time of a portion of the curve representing dolomite only 
to give the dolomite content, and (d) calculation of calcite by difference. 
Results obtained for several samples of limestone and of calcareous soil 
are discussed in relation to X-ray diffraction and chemical data. Theoretical 
aspects of the method will be discussed in a subsequent paper. 


1 Contribution No. 1, Soil Research Institute, Canada Department of Agriculture, Ottawa, Ont. 
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METHOD 


The procedure for measuring CO, from the carbonates was reported 
earlier (6) but a brief description is repeated here for convenience. A 
1-1/4 ounce wax paper cup, containing sufficient carbonate material to 
give a final manometer reading of 3.0 to 4.0 inches of mercury, is floated 
on 30 ml. 4N HCl in a 700-ml. widemouth reaction bottle. A two-hole 
rubber stopper, carrying thermometer and glass tube, is inserted, the 
bottle is clamped on a Burrell wrist-action shaker, and a mercury mano- 
meter is connected. The apparatus is arranged so that the bottle is im- 
mersed in a constant temperature water bath maintained at 25°C. After 
checking the zero reading of the manometer, the shaker is set in motion at 
full speed and readings are recorded until no change in pressure occurs. 

The manometer readings H;, recorded at each time interval, are 
subtracted from the final reading Hao. The values log (H o—H;) are 
plotted against time. The straight-line portion of the plot occurring after 
about 60 seconds is extrapolated to zero time and an intercept value is 
obtained. This intercept value Hp represents the CO, derived from 
dolomite, and the difference between the final reading and the intercept 
(H @—Hp) represents the CO, from calcite. These values can be con- 
verted to grams of CO, by means of a standard curve prepared by measuring 
the CO, evolved from different amounts of calcium carbonate. The actual 
weights of CO, can be converted to calcite and dolomite using the theoretical 
CO, contents of 43.97 and 47.73 per cent respectively. The procedure 
described for determining the proportion of the two carbonates will be 
designated as the intercept method. 


Unless otherwise indicated, limestone samples were ground to pass a 
100-mesh sieve. Excessive grinding to a fine powder was avoided. Soil 
samples were passed through a 0.5-mm sieve. 


RESULTS 


Figure 1 demonstrates the marked difference in the rate of solution of 
calcite and dolomite. Calcite even in the fairly coarse state decomposed 
completely in 1 minute. The amount of dolomite dissolved in 1 minute 
was extremely small and the time required to complete the reaction 
exceeded 30 minutes. The initial portion of the dolomite plot was a straight 
line with a slope distinctive from that obtained with calcite. As the 
reaction proceeded, the points departed from the projection of the linear 
portion of the plot. Although the rate of solution of Portage du Fort 
dolomite increased when finer particles were used, the slope was distinctive 
from that of calcite plots. The straight line obtained for a portion of the 
dolomite plot is represented by the equation 

log (H o—H:) = log Hao—kt 
where k is a constant. 


Figure 2 illustrates the use of the proposed method to estimate calcite 
and dolomite occurring singly or as mixtures in limestone and soil samples. 
The curves for the Champagne and Grenville soil samples show that the 
former contained calcite only, whereas the latter contained dolomite only. 
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Ficure. 1. Rate of solution of calcite and dolomite in HCl. Hoo—Ht represents 
CO, equivalent to unreacted carbonate. 


The remaining four curves show initially a rapid release of CO, indicative 
of calcite, followed by a slower but linear release of CO, characteristic 
of the initial decomposition of dolomite. 

As the reaction proceeds the release of CO, with time becomes some- 
what irregular and varies with different samples. It is the initial linear 
portion of the plot, however, that is of particular significance in distinguish- 
ing dolomite from calcite. Extrapolation of the linear portion of the 
curves to zero time gave intercept values equivalent to dolomite. The 
difference between the final manometer reading and the intercept value 
represents calcite. 

The time required to obtain final readings (H ~) for the five samples 
containing dolomite varies from 15 minutes for limestone A302 to 280 
minutes for the soil mixture. The values obtained for calcite and dolomite 
in the soil mixture and mixture No. 5 as well as in six other prepared mixtures 
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TABLE 1.—AMOUNTS OF CALCITE AND DOLOMITE FOUND IN PREPARED MIXTURES 


(Data expressed as grams of CO» for 0.8-gm. carbonate samples) 


Added | Found by intercept method 


Mixture _ : 
Calcite | Dolomite 


—- 


Total | Calcite Dolomite Total 
Bs — . 


.378 0.378 | 0.000 0.378 378 
.359 0.372 0.037 0.334 


(1) .000 
(2) 
(3) .067 


0 
0.013 
0 
(4) 0.1. 
0 
0 


371 
. 284 0.351 0.067 0.285 352 


.189 0.323 0.135 0.195 





(5) 
(6) 
(7) 0. 
(8) 0. 


.095 0.296 0.194 0.096 
.019 0.274 0.247 0.025 
.000 0.268 0.267 0.000 





— a — a — a — 2 —  — ee — | 


eoesoes9ssde se © 


.140 0.360 0.221 0.139 





TABLE 2.—COMPOSITION OF DIFFERENT LIMESTONES AS DETERMINED BY INTERCEPT 
METHOD, X-RAY DIFFRACTION AND CHEMICAL DATA 


° 9 f 1 i . . 
Chemical analyses i uae X-ray diffraction 


Calc. from 


Intercept : . 
CaO MgO | MgO Calcite | Dolomite 
content method 
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30. 
32. 
37. 
18. 
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28. 
A298 24. 
A300 38. 
A302 47. 
A306 30. 
A308 12. 
A314S 20. 
A320 33. 
A328 34. 
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*1. Argillaceous limestone U.S.B.S. no. 1A. 

2. Coarse crystalline calcite, Tunney’s Pasture, Ottawa, Ont. 

3. Ordovician limestone, Ottawa formation from Orleans Quarry near Ottawa, Ont. 

4. Dolomite standard U.S.B.S. no. 88. 

5. White crystalline dolomite, Grenville (precambrian) series, Portage du Fort, Que. 

6,7,8. Ordovician limestone, Pamelia and Lowyville formations, from Pittsburg quarry, Kingston, Ont. 

0—24’, 24—30’, and 30—36’ respectively. 

9. Oxford dolomite, Gore of Lochaber, Que. 
A298—A328 Standard limestones and dolomites supplied by Geological Survey of Canada. 


**y.str—very strong; str—strong; m—medium; w—weak; v.w.—very weak. 
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agreed satisfactorily with the amounts known to be present (Table 1). 
The standard deviation based on the differences between the known and 
experimentally determined values for dolomite was + 0.005 gm. of CO: 
or + 1.9 per cent dolomite. 


Table 2 shows a comparison of estimates of dolomite in a number of 
limestone samples by the intercept method and by calculation of dolomite 
from the MgO content. X-ray diffractometer patterns were used to 
confirm the presence of calcite and/or dolomite and to ensure the absence 
of other carbonates. Despite inherent errors in interpretation of X-ray 
intensities, the relative intensities of the main calcite and dolomite peaks 
at 3.04 and 2.89A respectively are included in the table for comparison. 
The results for X-ray diffraction were in good agreement in most instances 
with those obtained with the intercept method. It will be noted, however, 
that small amounts of calcite detected by X-ray diffraction in samples 8 
and A298 were not measured by the intercept method. 


Agreement between results obtained with the intercept method 
and those calculated from the MgO content was less satisfactory. The 
latter procedure indicated the presence of both calcite and dolomite in 
samples 1, 2, 5, 7, and 9, whereas both the intercept method and X-ray 


TABLE 3.—ESTIMATION OF DOLOMITE IN SOIL SAMPLES BY INTERCEPT METHOD AND 
X-RAY DIFFRACTION 




















Soil sample Sasou cael X-ray diffraction 
—- ——_—_——___—_———| Total CO, ~-— — 
ac 07 ‘ oF. 
Name Horizon oa So. Calcite! | Dolomite? 
% 

Mayook Cc ae 2.3 62 . 7 
Carroll Cc 8.7 5.8 67 . 5 
Grenville 6-17” 2.8 2.8 100 n.d. = 
Bearcreek |} 17+ 4.7 0.4 9 . ° 
Champagne | 14-36” 9.3 0.0 0 _ n.d 
Oxbow B.Bca 2.9 2.0 80 n.d. - 
Bea 10.8 4.1 38 : = 
e 1.8 0.5 28 : . 
Hatton A 0.6 0.3 50 - - 
Bi 0.0 0.0 0 - - 
Bca 3.7 fs 35 - - 
Cc 2.5 1.5 60 - - 
Cooking Lake Cy 2.0 1.0 50 - - 
C, aia 1.0 45 ” 2 
Breton 48” 2.3 0.6 26 - - 
= 2.3 0.7 30 - 
Meota 40” 4.9 Lg 31 - - 
Haverhill Bca 6.5 1.8 28 ~ - 
Ceca aro ae 49 ° . 
Cc aa 2.0 61 - - 
Weyburn B. ‘7 1.1 65 ° ' 
Bca 6.7 2.3 34 - ~ 
. Cc 5.7 yA 44 - ~ 
Asquith Bs 3:2 1.0 31 - - 
S 3.1 1.0 32 - = 














1. *Present; n.d. not detected; —not determined. 
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diffraction indicated the presence of one carbonate only. Calculation of 
dolomite from the MgO content assumes an ideal dolomite formula and 
does not take into account the possible presence of other magnesium 
minerals. 


Table 3 gives the dolomite content of 25 soil samples analysed by the 
intercept method. The presence of calcite and/or dolomite was established 
for several of the samples by X-ray diffraction and supported the data 
obtained with the intercept method. To assess the reproducibility of the 
method eight of the samples were analysed in duplicate. The standard 
deviation for CO, from dolomite expressed as a per cent of total CO, 
was + 1.2 per cent. 


DISCUSSION 


This simple and convenient method has been shown to give reliable 
estimates of calcite and dolomite in a variety of limestone and soil samples. 
With respect to the general applicability of the method, however, certain 
aspects should be considered. 


Carbonates other than calcite and dolomite will interfere but their 
occurrence in agricultural limestones and soils in sufficient quantity to 
affect the results seriously is unlikely. Identification of the particular 
carbonates present in rock samples can be made by physical and chemical 
tests or by X-ray diffraction. The intercept method may possibly be 
extended to give quantitative estimation of calcite and dolomite in the 
presence of other carbonates depending on their rates of solution. For 
example, relative to an arbitrary value of 100,000 for calcite, values for 
rates of solution of dolomite, magnesite, rhodochrosite and siderite were 
reported to be 650, 9, 850, and 570, respectively (3). It is possible that 
magnesite, but not rhodochrosite or siderite, could be estimated separately 
from dolomite by extrapolation of a linear portion of the curve following 
disappearance of dolomite. 

It has been demonstrated (Figure 1) that particle size affected the 
slope of the curve for Portage du Fort dolomite. Sample No. 88 which 
consisted of aggregates of cryptocrystalline anhedral dolomite crystals 
gave a much steeper slope than did Portage du Fort dolomite even though 
both had the same particle size. Because of the marked difference in the 
rate of solution of calcite and dolomite, however, it would appear that the 
magnitude of slopes obtained for different samples of dolomite may vary 
considerably without interfering with the operation of the method. 

It is anticipated that there are samples which will give anomolous 
curves and one such sample was encountered. Sample 6 (Table 2) gave 
a curve characteristic of a mixture of calcite and dolomite, but with such 
irregular changes in slope towards the end of the reaction that reliability 
of the intercept could not be assured. The dolomite crystals appeared to 
have inclusions, the identity of which could not be determined. 

In evaluating limestone for agricultural purposes it is common practice 
to determine the calcium and magnesium content of the samples. Deter- 
mination of calcite and dolomite by the procedure described herein should 
serve the same purpose. Where more detailed information is required, 
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Ficure 2. Curves showing rate of solution of carbonates in limestones, soils and 
prepared mixtures of calcite and dolomite. Hoo—Ht represents CO, equivalent to 
unreacted carbonate. 


interpretation of calcium and magnesium data in relation to the amount 
of calcite and dolomite present should be advantageous. Where total 
carbonate content of limestone or soils is required, estimation of calcite, 
dolomite, and total content in one operation is particularly convenient. 
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ABSTRACT 


A technique is presented which permits the quantitative estimation of 
fertilizer phosphorus in plants at any desired time during the growth cycle 
without harvesting the plants. The radioactivity of the growing plants was 
determined in situ by a thin-walled aluminum Geiger-Mueller tube assembly. 
The in-situ activity was found to be highly correlated with the fertilizer- 
phosphorus content (mg./pot) at any one stage of growth of oats (r=0.975), 
corn (r=0.966), and sugar beets (r=0.813). The relationship between the 
in-situ activity and the fertilizer-phosphorus content varied with plant 
height. Regression equations are presented relating the fertilizer-phosphorus 
content to the in-situ activity and plant height. Correlation coefficients 
for the regression equations were 0.943, 0.914, and 0.902 for oats, corn, and 
sugar beets respectively. The coefficient of variation of the fertilizer- 
phosphorus content of sugar beets using the regression equation was 15.3 
per cent, whereas that using the briquet technique was 16.1 per cent. 


INTRODUCTION 


The use of radioactive isotopes for research in soils and plant nutrition 
has permitted studies of the absorption of a nutrient of one source in the 
presence of other sources of the same nutrient. This has been invaluable 
in studies of the efficiency of different nutrient placements and sources and 
in studies of root distribution patterns. The determination of the absorp- 
tion of the nutrient from a specific location or source in the soil at several 
times during the growth cycle of the plant often helps to interpret the soil- 
plant relationships. 

Conventional radioisotope techniques require that the plants be har- 
vested and analysed to determine the labelled-nutrient content. Thus, to 
obtain a time-absorption curve, it is necessary to have a set of plants for 
each time desired on the curve. This greatly increases the size of the ex- 
periment and, particularly in greenhouse work, often limits the number of 
points which can be obtained on the curve. Duncan and Ohlrogge (1) 
have described a simple means for measuring the relative absorption of 
fertilizer phosphorus without harvesting the plants. They found that the 
activity as measured by a thin-walled aluminum Geiger-Mueller tube placed 
close to the corn plant correlated highly (r =0.96) with the content of label- 
led phosphorus as determined by the briquet technique of MacKenzie 
and Dean (2). 


The objective of this study was to establish a technique for the quan- 
titative determination of the fertilizer-phosphorus content of plants at any 
stage of growth without harvesting the plants. 


‘Contribution from Department of Soils, Ontario Agricultural College, Guelph, Ont. 
*Assistant Professor of Soils. ‘ : 
‘Former Graduate Student; now Research Assistant, Purdue University, Lafayette, Indiana. 
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THEORETICAL CONSIDERATIONS 


The technique described by Duncan and Ohlrogge (1) could be expected 
to give a relative measure of the labelled-nutrient content only if the position 
of the Geiger-Mueller tube remained constant in relation to the plant. If 
the plants being compared are not the same size the geometry factor— 
the three-dimensional position of the Geiger-Mueller tube in relation to 
the energy emitting object—will not be constant. Other factors such as 
back-scattering, scattering from the source and tube supports and adsorp- 
tion by the air and tube wall can be kept constant by maintaining uniform 
conditions in all respects other than the size of the plants. 


Plant height is the plant growth variable most likely to cause a change 
in the geometry. A Geiger-Mueller tube placed midway between the base 
and top of the plant will intercept a much large proportion of the total 
energy emitted by a short plant than a tall one because of the increased 
distance from the extremities of the plant to the tube in the latter instance. 
Other growth measurements, such as number of leaves or leaf area, would 
have much less effect since they will influence primarily the amount of 
fertilizer phosphorus present rather than the geometry. This can be 
likened to a constant amount of a radioisotope spread uniformly in two 
strips, one twice as long as the other. The activity determined by a 
Geiger-Mueller tube placed vertically across the strips will be proportional 
to the amount of radioisotope present in each case. However, the propor- 
tionality constant for the longer strip will be greater than that for the shorter 
one. Increasing the amount of radioisotope in each strip will increase the 
activity, but will not appreciably alter the proportionality constant. 
This will be true, however, only if the larger amount of radioisotope does 
not appreciably increase the amount of self-absorption. The relatively 
high-energy beta particle emitted by phosphorus will not be influenced 
appreciably by the increased thickness of the older plant leaves nor by the 
overlapping of two or three leaves. Ifa large number of leaves were allowed 
to overlap self-absorption would become appreciable, and would have to 
be taken into consideration. 


Thus, it should be possible to develop a regression equation relating 
the amount of labelled nutrient in the plant to the plant height and in-situ 
activity—as the radioactivity determined on the living plant will be desig- 
nated. This equation could then be used to calculate the amount of labelled 


nutrient in the plants in other experiments from a determination of the 
in-situ activity and plant height. 


MATERIALS AND METHODS 


In-Situ Activity Determination 


The apparatus used to measure the in-situ activity is shown in Figures 
1 to 3. Figure 1 shows the tube assembly, consisting of two thin-walled 
aluminum Geiger-Mueller tubes*, each with a sensitive length of 3.25 
inches, connected by a slotted brass coupling which also acted as the cathode 
connector. The anodes were connected by a smaller brass coupling. 
The connected tubes were fitted into another slotted brass coupling which 


*NCA-MSA. Obtained from Nucleonic Corp. of America, Brooklyn, N.Y. 





FicurE 1. Tube assembly of in-situ’ activity-measuring apparatus. Left to 


right, above: anode connector, Geiger tube, anode connector, Geiger tube, anode in- 
sulator; below: tube holder and cathode connector. 


Figure 2. In-situ  activity-measuring apparatus showing the tube assembly, 
the plexiglass plates and fiberglass screen. 
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was fastened to the amphenol connector to which the cable from the scaler 
was attached. Figure 2 shows the assembled tubes in the arrangement 
used to maintain a constant horizontal relationship between the tubes 
and the plants. The vertical plexiglass plate and fiberglass screen retained 
the plants in a limited volume. The distance from the tube assembly to 
the fiberglass screen was 0.25 inches. The bottom plexiglass plates served as 
support and also shielded the tube from beta radiation from the radioisotope 
in the soil. Figure 3 shows the system in operation determining the in-situ 
activity of oat plants. 


Establishment of the Regression Equations 


Oats, sugar beets and corn were used to establish equations relating 
the milligrams of phosphorus from P-32-labelled concentrated super- 
phosphate to the in-situ activity and plant height. The P-32-labelled 
concentrated superphosphate* had a specific activity of 0.15 mc/gm. of 
P.O; at the time of production. The three crops were grown in a sufficient 
number of pots to allow several pots to be harvested at each of several dates. 
In-situ activity and plant height determinations were made on eight of the 
oat and corn cultures and on nine of the sugar beet cultures at each of several 
dates during the growth period. The activity values obtained were corrected 
for decay to a constant date for each crop. The date chosen was within 
the growth period of the plants. Following these determinations, the 
plants were harvested, oven-dried, and ground in an intermediate Wiley 
mill. The amount of fertilizer phosphorus in the plants was determined 
by the briquet technique of MacKenzie and Dean (2) with the modification 
that the briquet activities were compared directly to the activity of a 
standard briquet as described by Miller and Ohlrogge (3). The briquet 
technique was also modified by using moulds of 0.25 and 0.5 inch diameter 
which required 150 and 500 mg. of plant material respectively to give 
infinite thickness. This permitted the estimation of the fertilizer-phos- 
phorus content of much smaller plants. 

Since the planting pattern and determination dates varied for each 
crop, these will be discussed separately. The rates of fertilizer application 
were varied to ensure a variation in fertilizer-phosphorus content. How- 
ever, since the in-situ activity and the regression equations developed are 
dependent only on the amount of fertilizer phosphorus in the plants and the 
plant height at the time of the determination and not on the source of the 
phosphorus, the treatments will not be discussed further. 


Oats. The oats were planted in a straight line 1 inch below the surface 
across a pot 10 inches square and 8 inches deep. The plants were thinned 
to ten per pot 10 days after planting. The in-situ activity was determined 
in duplicate by placing the plexiglass plate and fiberglass screen on either 
side of the row. The tube assembly was adjusted visually until it was 
approximately midway between the top and bottom of the plants. The 
tube was removed and repositioned for the duplicate determination so 
that the variation would be a measure of the error in positioning as well as 
the error inherent in radioactivity determinations. The in-situ activity 


*Obtained from U.S.D.A. Plant Industry Station, Beltsville, Maryland. 
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of the oats was corrected to 72 days from the pile date. The height of 
each plant was determined by measuring from the soil surface to the tip 
of the longest extended leaf. The heights of the ten plants were averaged 
for the calculations. 

The activity and plant height measurements were made on eight pots 
beginning 4 weeks after planting and at weekly intervals thereafter for 6 
weeks. Earlier measurements would have been possible if the fertilizer 
material had not passed through several half-lives before the experiment 
began. In later experiments*, in-situ activity measurements have been 
made as early as 2 weeks after planting. 


Corn. Six corn seeds were placed in two groups approximately 3 
inches apart and 1.5 inch below the surface in No. 10 metal cans. The 
plants were thinned to two per pot 2 weeks after planting. The in-situ 
activity was determined at the same time interval as for oats, first by placing 
the tube assembly horizontally midway between the top and bottom of the 
plants as for the oats, and second by placing the tube vertically between the 
two plants as described by Duncan and Ohlrogge (1). The in-situ activity 
of the corn plants was corrected to 72 days from the pile date. The height 
of the corn plants was measured in the same manner as for oats. 


Sugar Beets. The sugar beet seeds were planted 0.75 inch below the 
surface along the diameter of a No. 10 metal can. The cultures were 
thinned to six plants before the first determination and subsequently 
thinned to three plants 6 weeks after planting and to one plant 8 weeks 
after planting. Duplicate in-situ activity determinations were made in 
the same manner as for oats at five 2-week intervals beginning 4 weeks 


after planting. The in-situ activity of the sugar beets was corrected to 
91 days from the pile date. The height of the sugar beet plants was 
determined by measuring from the soil surface to the top of the longest 
extended leaf of each plant. 


RESULTS AND DISCUSSION 

Reproducibility of In-Situ Activity Determination 

The reproducibility of in-situ activity determinations was indicated by 
the duplicate determinations taken on the oats and sugar beets. Visual 
positioning of the tube was adequate since varying the height of the tube 
above or below the centre of the plants did not influence the activity deter- 
mination until the distance from the centre was greater than 15 per cent of 
the plant height. The exception to this was with oats when the flowering 
stage was reached. At this stage, the activity at the midpoint was low, 
but increased considerably as the tube assembly was raised towards the 
heads. The method, therefore, is not suitable when the phosphorus distri- 
bution within the plant is not uniform as in the case of plants entering the 
fruiting stage. 

The coefficients of variation for duplicate determinations for oats and 
sugar beets were 5.0 and 7.9 per cent respectively. Thus the activity 


*Current research, Dept. of Soils, Ontario Agricultural College, Guelph, Ont. 
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determinations, although not as reproducible as standard radioisotope tech- 
niques, are much less variable than treatment replication in nutrient 
absorption studies in the greenhouse and make a relatively small contri- 
bution to the experimental error. 

The two geometric arrangements used in measuring the in-situ activity 
of corn gave the same activity measurement. This was quite unexpected 
and cannot be satisfactorily explained at present. It would seem that the 
geometry would be much different for each of the two arrangements and 
should result in a difference in activity particularly with the larger plants. 
Since the variation in the activity measured by the two arrangements was 
no greater than that for duplicate counts within the oats and sugar beets, 
the average of the two determinations was used to establish the regression 
equation. 


In-Situ Activity as a Measure of Fertilizer Phosphorus Absorbed 


The in-situ activity was in all cases higher than the corresponding 
briquet activity even when the entire plant sample was used to make the 
briquet. As the size of the plants increased, the difference between the 
two activity determinations increased, since only a portion of the plant 
sample could be used in the briquet. Thus, counts of a satisfactory magni- 
tude were obtained in a relatively short time. 

Correlation and regression coefficients between the in-situ activity and 
amount of fertilizer phosphorus in the plants (mg./pot) as determined by 
the briquet technique are presented in Table 1 for the three crops at each 
harvest. The correlation coefficients indicate that an average of 95.1, 
93.3 and 66.1 per cent of the variation in in-situ activity of oats, corn and 
sugar beets respectively was accounted for by the variation in fertilizer- 
phosphorus content. 

The regression coefficients in Table 1 indicate that, as the plant height 
increased, the value by which the in-situ activity must be multiplied to 
obtain the fertilizer-phosphorus content increased, indicating that the tube 
was detecting a smaller portion of the total radiation emitted from the 


TABLE 1.—THE INFLUENCE OF PLANT HEIGHT ON THE CORRELATION AND REGRESSION 
OF IN-SITU ACTIVITY ON FERTILIZER-PHOSPHORUS CONTENT OF PLANTS 











Corn Sugar Beets 
Harvest |- — —— 
No. Av. Av. 

b? height r! height r! b? 
(X10*) | (cm.) (cm.) (X108) 








313 | 33. ; ‘ 10. i .478 
.295 50. : i 13. ‘ .575 
.546 | 55. ‘ ; 19. : 727 
633 | 63. : ‘ 22. ; 912 
.665 73. ; : 21. ‘ .588 








.848 72. > ; —~ — 





Average 





1Correlation coefficient 
*Regression coefficient 
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FicurE 4. The relationship between the fertilizer phosphorus in corn plants and 
the in-situ activity at the third harvest. 


taller plants. The height of the plants harvested at any one time was 
relatively uniform within each crop although the variation in sugar beet 
height was much greater on a percentage basis than that for the other two 
crops, which probably accounts for the lower correlation coefficients with 
this crop. That the variation in plant height within a harvest influenced 
the relationship between the in-situ activity and the fertilizer phosphorus 
content is shown in Figure 4. The data in this figure were obtained 
from the eight pots of corn harvested at the third date. At this time, the 
average plant height of all pots harvested was 55.3 cm. while the plants in 
one pot averaged 46.0 cm. and those in another pot averaged 47.0 cm. 
The remaining pots varied less than 2.0 cm. from the mean. That these 
deviations—which are slightly greater than 10 per cent—caused a signif- 
icant change in the relationship is shown by the deviation of these points 
from the line drawn through the remaining points which represent plants 
of uniform height. Thus, the in-situ activity cannot be used as a reliable 
measure of fertilizer-phosphorus content without accounting for the in- 
fluence of the plant height. 
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Ficure 5. The relationship between the height of oat plants and the ratio of the 
amount of fertilizer phosphorus in the tops to the in-situfactivity. 


Development of Prediction Equations 


The influence of plant height on the relationship between the in-situ 
activity and the fertilizer-phosphorus content may be expressed by the 
following regression equation: 


Y=a + bh 
where 
Y =Fertilizer P. in plants (mg.) 
In-situ Activity (c.p.m.) 
and 


h= Plant height in centimetres. 

Relationships of this form are presented in Figures 5 to 7 for oats, 
corn and sugar beets. The 95 per cent confidence limits for prediction of 
a single value of ‘‘Y” and for the value of ‘‘b” are also indicated in each 
figure. The correlation ccefficients indicate that 88.8, 83.6 and 81.3 per 
cent of the variation in the ratio can be attributed to variations in plant 
height for oats, corn and sugar beets respectively. The lower correlation 
for corn compared to oats can be attributed in part to greater error in the 
determination of the activity which was very low. This was a result 
of using a low rate of fertilization (10 Ib. PxOs/acre) and of using fertilizer 
material that had decayed considerably. The use of more active material 
and higher rates would greatly increase the in-situ activity of the plants. 
The lower correlation for sugar beets is probably due to the small differ- 


ences in height of the plants from harvest to harvest compared to oats 
and corn. 
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FiGurE 6. The relationship between the height of corn plants and the ratio of the 
amount of fertilizer phosphorus in the tops to the in-situ activity. 


It was expected that the regressions would pass through the origin, 


but the intercept was negative for all crops. The intercept calculated for 
the lower limit of “‘b’’ was positive for oats and sugar beets, but remained 
negative for corn. Thus, it cannot be stated that the intercept was 
different from zero for the oats and sugar beets, but it probably was for 
corn. This indicates that extrapolation outside the tested limits is not 
advisable. 


The prediction equations for oats and corn were essentially the same 
except for the intercept as mentioned above. This suggests that, for plants 
with a similar growth habit, the relationship may be the same. The 
equation for other small grains, at least, should be the same as that for oats. 
The similarity of the two equations also suggests that the number of plants 
does not influence the relationship as long as the distance from the plants 
to the tube remains constant. This is supported by the fact that reducing 
the number of sugar beet plants in each pot did not influence the relation- 
ship. Removal of plants would result in removal of a portion of the fer- 
tilizer phosphorus, but the activity could be expected to be reduced pro- 
portionately so that the relationship would not be changed. 

The scatter of points for the oats regression indicated that a curved 
line might give a better prediction than the straight line. To test this, 
a quadratic equation was developed and was as follows: 

Y =0.00182 — 0.005192 h + 0.001176 h?. 
While this equation accounted for more of the variation (90.9 per cent) 
than the linear equation (88.8 per cent), the increase was not considered 
sufficient to warrant the use of the quadratic form. The linear component 
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Y¥=0.000475 h-.001 
00041 < B= .00054 AT P=.05 
r= 0.902 


95% CONFIDENCE LIMIT 
FOR PREDICTION 


h-—PLANT HEIGHT (CM) 


FicureE 7. The relationship between the height of sugar beet plants and the ratio 
of the amount of fertilizer phosphorus in tops to the in-situ activity. 


was found to be insignificant when the quadratic was included. Thus 
acurvilinear relationship was present, but, within the range of heights tested, 
was very little better for prediction than the linear relationship. Also, 
the quadratic equation gave a large positive value for the intercept which 
does not appear reasonable. This does point out, however, the danger of 
extrapolation of the equation beyond the limits tested. 


Reliability of Prediction of Fertilizer-Phosphorus Content 


In a later experiment with sugar beets, the beet tops were harvested 
immediately after the last in-situ determination had been made, and the 
fertilizer-phosphorus content was determined using the briquet technique. 
The coefficient of variation for the experiment was 15.3 and 16.1 per cent 
for the in-situ and briquet techniques respectively. The correlation 
ceefficient between the two methods was 0.90, and the regression ccefficient 
for prediction of the fertilizer-phosphorus content as determined from the 
briquet technique from the in-situ activity was 0.937. Although this regres- 
sion coefficient was not significantly different from 1.0, the mean value of 
fertilizer-phosphorus content from the in-situ technique was 7.0 per cent 
lower than that from the briquet technique. From this analysis, it appears 
that the in-situ technique gave values which were as precise as those of the 
briquet technique. 


Limitations of the In-Situ Technique 


The equations presented can be used for the prediction of fertilizer- 
phosphorus content from a determination of the in-situ activity and the 
plant height or new equations can be developed. Whether the equations 
presented herein or new equations are used, there are limitations which 
must be kept in mind. 
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First, since, as shown for the oats, a curved relationship may be 
present, extrapolation outside the tested limits may lead to erroneous results, 
Also, because the method requires uniform distribution of phosphorus within 
the plants, it can be used only during vegetative growth as there is non- 
uniform distribution of nutrient elements in most plants when the fruiting 
stage begins. 

Second, as long as the length of row does not exceed the length of the 
tube assembly, the number of plants apparently does not influence the 
relationship. On the other hand, if the row extends beyond either end of 
the tube assembly or if the plants are not in a straight line, the relationship 
cannot be expected to hold since some plants would be further from the 
tube than others. Therefore, a different relationship must be developed 
for each planting pattern. 


Third, although the two positions used for corn indicated the same 
activity, it is essential that the relationship be reaffirmed if the position of 
the tube is changed from that used to develop the equation. 


Fourth, correction factors must be used to account for changes in the 
specific activity of the fertilizer with time or from one experiment to 
another. The in-situ activity must be corrected to the same decay time 
as was used to develop the regression equation. If the specific activity 
used in an experiment differs from that used to develop the equation, an 
additional correction must be made before the regression equation can be 
used to calculate the fertilizer-phosphorus content. 


These limitations do not appreciably detract from the usefulness of 
the technique. Even if a new relationship must be developed, only a 
relatively small number of pots are required. Less space and time are re- 
quired to include a small number of pots to establish a relationship than to 
increase the size of the experiment so that several pots of each treatment 
can be harvested at each of the desired times to obtain time-absorption 
curves. 
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ABSTRACT 


The penetration into the soil of phosphorus, applied as superphosphate, 
was determined under various conditions in a field experiment on Cornwallis 
sand. Monocalcium phosphate containing P® was thoroughly incorporated 
in the surface inch, and the activity was later determined in 1-inch segments 
of core samples. 

Movement downward of applied phosphorus was very slight in spite of 
the coarse texture of this soil. In 2 weeks an average of 5.2 per cent was 
located in the 2-6 inch zone and only 8.5 per cent had reached this depth 
in 4 weeks. Application of 2 inches of water per week (rainfall plus irri- 
gation) produced no significant difference from 1 inch per week. Neither 
adjustment of pH levels with dolomitic limestone, nor increasing the organic 
matter levels with anthraxylate (a humus-like material prepared from 
coal) had any significant effect on phosphorus migration. 


There was some evidence that increased rates of superphosphate resulted 
in greater penetration of phosphorus but the effect was not statistically 
significant. Even the heaviest rate of phosphorus used (800 Ib./ac. of POs) 
did not saturate this soil appreciably, as it has a high phosphorus retention 
capacity (28.7 tons/acre). 


INTRODUCTION 
The scarcity of readily available phosphorus in podzol soils is a well 
recognized fact (13). Accurate information concerning the mobility of 
fertilizer phosphorus in these soils should facilitate the evaluation of 


various practices used for the prevention and correction of phosphorus 
deficiencies. 


The results of previous experiments are conflicting, probably because 
of the variety of conditions involved. For example, most lysimeter studies 
have shown that only traces of phosphorus are removed in soil leachates 
(10), yet Neller (11) reported that 79 per cent of the citrate soluble portion 
of a 1250 Ib./acre application of superphosphate was removed from the 
0-8 inch layer of a Florida fine sand in a 5-month period. Again, chemical 
analyses of samples from some long-term phosphorus experiments have 
indicated appreciable penetration to 1 foot, and below under some conditions 
(15, 18, 19), while other results have shown very limited migration 
(1, 2, 17, 21). Further, on the basis of short-term studies, some workers 
have found the movement to be negligible (7, 9) while others have suggested 
it to be appreciable (3, 5). The discordant results of these studies are 
likely due to variations between different experiments, in soil texture, 
pH, organic matter content and moisture relations. 

The experiments reported here were undertaken to determine the 
degree of penetration of surface applied phosphate into a Podzol sand soil. 
The influence on the rate of penetration of (a) rates of superphosphate, 
(b) supplemental irrigation, (c) organic matter contents, and (d) pH levels, 
was also examined. 


‘Contribution No. 1011 from the Research Station, Canada Agriculture, Kentville, N.S. 
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MATERIALS AND METHODS 
Field Experiments 

The experimental area was virgin Cornwallis sand soil (4) containing 
more than 90 per cent sand, and was extremely low in natural fertility 
and organic matter. It had been ploughed, harrowed and freed of debris 
several times before use, and in the year of treatment it was harrowed 


thoroughly and allowed to settle for several weeks before the experiments 
were begun. 


The main experiment was a replicated randomized block design 
involving soil treatments to provide three levels of organic matter and 
three pH values. To determine the influence of moisture two blocks 
received 1 inch of combined rainfall and irrigation water per week 
while two others received twice this amount. The organic matter levels 
were obtained by application of calcium anthraxylate, a humus-like 
material prepared from the partial oxidation of coal (8) at rates of 0, 
5 and 10 ton/acre. Finely ground dolomitic limestone was used to adjust 
the pH values to 5, 6 and 7. Irrigation, as necessary, was applied to each 
block from four 180° sprinklers located at the corners of a 40-foot square. 


Treated areas were 12 inches square and were located 3 feet apart 
within blocks. 


In preparation for treatment a bottomless sheet metal box 12 inches 
square was driven into the ground, the soil was removed to a depth of 
6 inches, air dried, and stones were discarded. The amendments were 
then applied and thoroughly mixed. Five-sixths of the treated soil was 


TABLE 1.—ANALYSIS OF VARIANCE OF ISOTOPE MOVEMENT BELOW 2 INCHES 
(AS PER CENT OF TOTAL IN 6-INCH DEPTH) 


' 


Variance ratio 





Degrees Mean |——————— ~— 
Source of square | For 
freedom variance |Calculated| _ signif. 

| (P=0.05) 





Between amendment plots 


Blocks 26.10 
Replicates 1 64.19 
Irrigation 1 7.65 
Amendments 5 81.98 sae 3.33 
Amend’s. x irrigation 5 24.37 
Remainder (error ‘‘a’’) 10 36.11 





Within amendment plots 





Sampling dates 1 228.48 5.04* 4.04 
S. dates x amend. plots 23 37.74 
S. dates x irrigation 1 0.06 
S. dates x amend’s. 5 19.54 
Other interactions (error ‘‘b’’) 17 43.31 3.20" 1.60 
Between duplicate samples | 48 13.80 





Total | 
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Ficure 1. Distribution of P®, 1, 2 and 4 weeks after treatment. 


returned to the original site and tamped into place in a uniform manner. 
To the remaining soil 10 grams of irradiated monocalcium phosphate 
(Ca(H2PO,)2.H2O) containing about 0.88 mc. of P® were added. After 
thorough mixing it was tamped into place on top of the first portion. 
At 2-week and 4-week intervals, duplicate 6-inch core samples were removed, 
and 1-inch segments were placed in glass jars and oven dried at 100°C. 

A supplemental experiment consisted of four rates of superphosphate 
(1000, 2000, 3000 and 4000 Ib. /acre) each containing 0.88 mc. of P®. These 
treatments were incorporated into the top inch of soil and uniform irriga- 
tion was applied to provide at least 1 inch of water per week. These 
treatments were not replicated but duplicate core samples were taken 
on each sampling date. 


Laboratory Methods 


For the determination of phosphorus migration, each sample was 
passed through a 20-mesh sieve and the relative activity determined with 
a Geiger-Muller tube and a Scaling Unit (Nuclear-Chicago, Model 165) 
from an aluminum counting cup level full of soil (1.5 to 2.0 grams). The 
counting period ranged from 5 to 40 minutes depending on the activity 
of the sample. Each sample was accurately weighed and the activity 
was expressed as net counts per minute per gram (above background). 

The phosphate retention capacities of several Podzol soils were de- 
termined by saturating 2.5-gram samples with phosphate according to 
Kanwar’s procedure (6), then removing the phosphate by Piper’s NaOH 
treatment (14), and estimating the concentration colorimetrically (20). 
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RESULTS 


The activity at various depths in the 6-inch profile 2 weeks after 
treatment indicated that by far the largest part of the P® remained in 
the 0-1 inch layer and that the average movement below 2 inches was 
only a little over 5 per cent (Figure 1). Even after 4 weeks, the 2-6 inch 
layer contained only 8.5 per cent of the total activity measured. The 
influence of sampling date was in fact the only significant “treatment” 
effect found in the analysis of variance of the main experiment (Table 1). 
This analysis also revealed that the variance attributable to sampling 
was significantly smaller than that of the error “‘b’”’ term at the 0.01 level 
of probability. 

Examination of the mean percentages of P® found in the 2—4 and 4-6 
inch layers reveals that, although movement was slight, about twice as 
much isotope was located in the upper layer as in the lower (Table 2). 
Neither the organic amendments nor irrigation treatments showed any 
trend in influencing phosphorus movement but there was some indication 
of increased migration with higher pH values. 


TABLE 2.—EFFECT OF VARIOUS TREATMENTS ON THE PENETRATION OF 
p™, 4 WEEKS AFTER TREATMENT 


Distribution of P® at 
following depths (in.) 


Treatment 


Organic matter (% by weight) 
0 
0.5 
1.0 


pH levels 


5 
6 
7 


Water applied (irrigation plus rainfall, inch per 
week ) 


1 
2 


TABLE 3.—PHOSPHORUS RETENTION CAPACITY OF ANNAPOLIS VALLEY SOILS 


Soil type Retention capacity for P.O; S.D. 


ton/acre 


Cornwallis sand | 28.7 
Canning sand 39.1 
Kentville loam 48.0 
Pelton loam 83.7 
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_Ficure 2. Influence of rates of superphosphate on the distribution of P®, 4 weeks 
alter treatment. 


In the supplemental experiment, again there was no significant effect 
from treatments (using the duplicate sample variation as the error variance). 
However, there appeared to be a trend toward greater movement with 
increasing rates of superphosphate (Figure 2). The activity in the 1-2 
inch layer was much higher in this experiment than in the first, but the 
movement into the 2—6 inch region was of a similar magnitude (4 to 10 
per cent). 

The phosphorus retention capacity of this soil was found to be very 
high. Other Podzol soils of this area (4), with higher silt and clay contents, 
had even higher retention capacities (Table 3). 
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DISCUSSION 


It is indeed surprising that there was such a slight movement of 
phosphorus in a coarse textured soil such as Cornwallis sand. These 
results are in sharp contrast with those obtained with Florida fine sands (11). 
The significant difference in movement between the two sampling dates, 
however, appears to conform with the results of long-term experiments 
on sandy loam soils elsewhere (15, 18, 19), because continued movement 
even at this slow rate would result, eventually, in an accumulation of 
phosphorus throughout the soil profile. 


The results of some previous experiments might lead one to expect 
greater influences from organic matter (19), pH (11, 18) and irrigation 
(5, 18) than were obtained in the present work. However, the anthraxylate 
treated soil should reflect the true influence of soil organic matter levels, 
per se; this may not be the case with manure treatments. The observed 
trend toward decreased movement at higher pH levels, although not 
significant, is in agreement with Neller’s observations in Florida (11). 
The lack of differential response to irrigation treatments may be explained 
by the fact that the soil was kept above 50 per cent field capacity with 
even the 1-inch treatment, and with the heavier rate much of the water 
was rapidly lost through leaching. 


The trend toward greater movement with increasing rates of super- 
phosphate is in accord with the results of Lutz et al. (7) and Sell and Olsen 
(18). That the effect was not greater is likely due to the extremely high 
phosphorus retention capacity of the Cornwallis soil. 


The significant difference in the variance of error “b’’ (Table 1) and 
that attributable to ‘‘between duplicate samples” is important in assessing 
these results, because it indicates that errors of technique were considerably 
smaller than the unavoidable errors arising from soil differences and treat- 
ment applications. 


. 
One of the practical implications of these results is that surface 


applications of superphosphate for the immediate correction of crop 
deficiencies would not be effective on Podzol soils. Furthermore, it seems 
unlikely that either heavy applications of water or the adjustment of pH 
and organic matter levels would improve appreciably the effectiveness 
of phosphorus applied in this way. It is conceivable that, after repeated 
heavy applications of phosphates, the retention capacity might be suf- 
ficiently saturated to facilitate increased movement. 

On the other hand, even the slight movement obtained here could 
partially alleviate a deficiency, because, according to Russell (16), it is 
unlikely that more than 10 per cent of fertilizer phosphorus is normally 
recovered in the first crop. Furthermore, with some crops (12) only 
a small portion of the root system is needed to absorb sufficient nutrients 
for the maintenance of normal growth and development. Nevertheless, 
these results emphasize the fact that superphosphate must be placed as 
close to the roots as possible if rapid response is to be obtained on Podzol 
soils. 
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MORPHOLOGY AND GENESIS OF THE SOILS OF THE 
CARIBOU CATENA, IN NEW BRUNSWICK, CANADA 


R. E. Wicktunb! anp E. P. WHITESIDE? 


ABSTRACT 


Soils of the Caribou catena occur in the rolling Uplands of the northeastern 
section of New Brunswick. The well drained soils in this region are members 
of the podzol great soil group. 

Four soil profiles, representing the catenary sequence, were selected for 
study. Investigation included both field and laboratory studies. 

Field studies indicated that profiles of all soils in the better drained positions 
had the same horizon sequence but the sola became thinner towards the base 
of aslope. The A: horizon in the well drained position was replaced by an A; 
in the imperfectly and poorly drained positions. 


The sola of all soils possessed high percolation rates and low bulk densities. 
Calculations indicated that, when compared to the C horizons, increases in 
silt and net losses in clay had taken place in all horizons of the well drained and 
imperfectly drained soils. 

The profiles showed marked gains in organic matter in the Ao, A; and B hori- 
zons. 

Aluminium had accumulated in the B horizons of all profiles. A small net 
gain in iron had occurred in the three best drained profiles. The associated 
Dark Grey Gleysolic soil had decreased in iron. The surface horizons showed 
the greatest concentration of exchangeable cations. 


INTRODUCTION 


Descriptions of podzol soils commonly emphasize losses and trans- 
location of sesquioxides as an essential process in their development. 
In addition many analytical data show the accumulation of colloidal clay 


in the B horizon. 


In the Maritime region of Eastern Canada textural B horizons in 
podzol soils are uncommon. The high organic content of their B horizons 
suggests that many of these soils may be classed with the group of Humus 
podzols suggested by Aarnio(1). 

The purpose of this investigation was to determine, by field and lab- 
oratory study, the morphological, physical and chemical characteristics 
of some representative soils, and to ascertain the quantitative relationship 
that exists between soils in a toposequence. 

A toposequence of soils was selected for study so that the soil-forming 
factors, namely climate, parent material, vegetation and time, could be 
considered constant and the factor of topography as the principal variable. 

The area selected for study was in the Appalachian region of New 
Brunswick. This region is at an elevation of 800 to 1000 feet above sea 
level and is developed on folded Palaeozoic strata. The folded rocks 
consist primarily of calcareous shales and slates. The Pleistocene deposits 
that cover the area are generally shallow. They are almost exclusively 
of local origin and appear to be uniform in composition. 


1Senior Pedologist, Canada Department of Agriculture, Guelph, Ont. ; 
2 Professor, Department of Soils, Michigan State University, East Lansing, Mich. 


Part of a thesis presented by the senior author as partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in Soil Science. Authorized for publication by the Director of the Michigan Experiment 
Station as Journal Article No. 2230. 


222 





August, 1959] WICKLUND AND WHITESIDE—SOILS OF THE CARIBOU CATENA 223 


The vegetation in the location selected for study consisted of hard- 
woods. However, in the region generally, virgin and second-growth stands 
of timber consist of mixed stands of hardwoods and softwoods, with a 
tendency for the various species to be segregated according to slope and 
drainage. Most frequently the pure hardwood growth occurs on the hill- 
tops and upper slopes and the pure stands of softwoods on the lower slopes 
and in the valley bottoms. 


The climate is strongly continental with considerable seasonal variation 
in temperature. The mean annual temperature is 34°F. The average length 
of frost-free period is 90 days. The mean annual precipitation is 35 inches 
and mean annual snowfall 110 inches. 


MORPHOLOGICAL STUDIES 


The sample sites were located in a forested area adjacent to the State 
of Maine where similar soils have been designated as belonging to the 
Caribou catena. Excavations for sampling of the various profiles were 
located on a slope having a grade of 14 per cent and on the north side of 
a glacial ridge. 

Four profiles were chosen to represent the major morphological varia- 
tions occurring in this toposequence of soils. The descriptions of these 
profiles are given below. 


The gradual thinning out of the profiles as they approach the bottom 
of the slope is a typical feature of the soils in this region. Also the thickness 
of the organic surface horizons increases in that direction. It will also be 
noted that the A, horizon in profiles 1 and 2 is replaced by an A, horizon in 


profiles 3 and 4. 
DESCRIPTION OF PROFILE NO. 1 


Ay 2-}in. A loose layer of freshly fallen leaves from Sugar Maple, Beech and Yellow 
Birch. This is the typical mor that is formed on the forest floor of well 
drained sites in this region, 

Ay 3 in. Moderately well decomposed organic material. 

—2 i Light grey (LOYR-7/2)* Silt loam. The boundaries are abrupt with the 
horizon above and that below. Structure is fine crumb. Loose. 
Brown (7.5YR-4/4) Silt loam. Fine crumb structure, held together by 
fine roots. Friable. 
Yellowish brown (10YR-5/6) Loam. This is the horizon in which many 
of the fine tree roots are concentrated. Structure is coarse crumb and 
consistency firmer than the Ba. 
Pale olive (SY-6/3) Loam till. When dry it is very hard and very compact. 


DESCRIPTION OF PROFILE NO. 2 


A layer of mor similar to that occurring in Profile 1. 
Well decomposed black organic matter. 
Pinkish grey (7.5YR-6/2) Silt loam. This horizon varies from 1} to 3 
inches in thickness. ‘The thickest portions are found directly beneath 
decaying logs or in micro-depressions. Structure is fine crumb and 
consistency very friable. 
in. Dark reddish brown (S5YR-3/4) Silt loam. A darker coloured horizon 
than that occurring in Profile 1. Structure is fine crumb. Loose. 
in. Yellowish brown (10YR-—5/6) Silt loam. ‘This horizon is differentiated 
from that above only by colour. Structure is fine crumb. Loose. 
9 -14in. Light olive brown (2.5Y—5/4) Silt loam. Coarse crumb structure. Firm. 
14* in. Light olive grey (SY—6/2) Silt loam till. Hard and compact. 


*Munsell Soil Colours 
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DESCRIPTION OF PROFILE NO. 3 


Raw or undecomposed leaf material similar to that found in Profiles 1 and 2, 
Black well decomposed organic material aggregated into structures of 
i-mm. size. The thickness of this horizon varies from 0 to 4 inches. 
Very dark grey (10YR-3/1) Silt loam. This dark mineral horizon together 
with the horizon above, gives rise to the dark coloured cultivated soils 
occurring in this topographic position. Very fine granular structure. 
Loose. 

2- 7in. Olive brown (2.5Y-—4/4) Silt loam. Coarse crumb structure. Loose. 

7-11 in. Olive (SY-5/3) Silt loam. Strongly mottled with yellowish brown stains. 
Medium subangular blocky structure. Very firm. 

11+ in. Pale olive (SY-6/3) Silt loam till. Hard and compact. 


DESCRIPTION OF PROFILE NO. 4 


This horizon consists of a mixture of raw and partially decomposed organic 
matter consisting of wood, leaves and evergreen needles. The material 
occurs in layers about 1 inch in thickness which may represent yearly 
additions of organic debris E 

Aig O- 3 in. Dark grey (SY-4/1) Silt loam. Strongly mottled. Structure is coarse 
subangular blocky. Firm. 

G. 3-10in. Olive grey (SY-5/2) Silt loam. Strongly mottled. Structure is not well 
defined but there is a tendency to the formation of weak medium subangular 
blocky aggregates. Hard and moderately compact. 

C. 10*+in. Light olive grey (SY-6/2) Loam till. Hard and very compact. 


TABLE 1.—SUMMARY OF DATA ON BULK DENSITY, SPECIFIC GRAVITY, PERCOLATION RATE, 
PORE SPACE DRAINED AT 60 CENTIMETRES TENSION, TOTAL PORE SPACE, NON-CAPILLARY 
POROSITY AND CAPILLARY POROSITY 
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METHODS 


A bulk sample was taken from each major horizon of each profile. 
A series of core samples were taken surrounding each test pit by means of 
a core sampler described by Uhland and O’Neal(11). A total of 10 core 
samples were obtained from each horizon at each of the four locations. 

The soil cores were used for the determination of percolation rates 
and bulk densities. An estimate of the volume of pores drained and un- 
drained at 60-cm. tension was obtained by placing the saturated cores on 
a tension plate according to the method of Leamer and Shaw(5). 

Mechanical analyses were made by the method of Olmstead et al. (9). 
Analyses for pH, base exchange capacity and exchangeable cations were 
made by the methods outlined by Peech(10); total nitrogen and organic 
matter by methods outlined by Wright(12). The total content of Al.Qs, 
Fe:O;, CaO, MgO and K:O was determined, according to methods recom- 
mended by the A.O.A.C.(2). 

The specific gravity of each sample was determined by means of a 
pycnometer. Total porosities were calculated from bulk densities and 
specific gravities. 


EXPERIMENTAL RESULTS AND DISCUSSION 
Physical Properties 


The data in Table 1 indicate the porous nature of the sola, particularly 
of the well drained soils. The A and B horizons have very low bulk density 
and high percolation rates, a desirable characteristic in this region of high 


rainfall. The low percolation rates and high bulk densities of the C 
horizons of these profiles indicate that they probably have a marked effect 
on water movement. ‘The thin sola of these profiles, particularly numbers 
3 and 4, may limit the water movement to near the land surface. 


If it can be assumed that the pore space not drained in 1 hour at a 
tension of 60 cm. differentiates between capillary and non-capillary 
porosity a significant relationship between the various profiles can be 
established. In Table 1 calculations for non-capillary and capillary porosity 
have been based on that assumption. It may be seen that the expected 
drainage by gravitational forces is highest in the A and upper B horizons. 
Profiles 1, 2 and 3 showed a sharp decrease of non-capillary porosity with 
depth in the lower parts of the B horizons. The layers with low capillary 
porosity come closer to the land surface from the crest to the foot of the 
slope in this toposequence. 


Particle Size Analyses and Organic Matter 

The particle size analyses given in Table 2 indicate that silt is the 
predominant mineral fraction in all profiles. The silt content is higher in 
the upper horizons of all profiles than it is in the lower horizons and partic- 
ularly in the C horizons. The sand fraction shows a reverse trend to that 
of silt and ® may be postulated that these differences within the profiles 
are due to accelerated weathering of shale and slate particles in the till as 
the surface is approached. 
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TABLE 2.—PARTICLE SIZE ANALYSES AND ORGANIC MATTER ANALYSES OF SOIL 
PROFILES 
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The status of the clay fraction is probably more significant. From 
an examination of Profiles 1, 2, and 3 it is evident that there is no accumu- 
lation of clay in any horizons of the sola as the amount of clay in the C 
horizon is highest in all cases. The losses of clay from the sola raise the 
question of whether that clay has been removed completely in solution or 
suspension, or moved into lower layers in the soil. This raises a further 
question of whether the C horizons in these profiles really represent their 
unaltered parent rock materials. Analyses of deeper samples in these 
profiles would be necessary to resolve this question, as suggested by 
Marshall and Haseman (8). Since the parent materials that were formed 
by glacial action on local bedrocks of calcareous shales and slates are all 
acid in reaction this fact suggests that considerable bases have been lost 
from the C horizons sampled. 

A comparison of these four profiles indicates that there ig very little 
difference in particle size distribution between them, except in Profile 4. 
In the latter the high clay content of the surface horizon in this more 
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moist site may be due to greater clay formation by hydrolysis of minerals, 
original differences in the drift, or lateral movement of clay from sur- 
rounding slopes. 

The distribution of the organic matter is a distinctive feature of these 
profiles. Under virgin conditions it is evident that high organic accumu- 
lations occur predominantly at the surface of all topographic locations. At 
the lower positions of the slope the thickness increases and some incorpora- 
tion with the surface mineral horizon takes place. The absence of the A, 
horizon and the presence of an A, in the lower positions is characteristic of 
the Caribou catena of soils, but appears to be an anomalous feature when 
compared with other soils occurring in this podzol zone. This sequence of 
horizon development is the common occurrence in Northern Michigan. 


The B is also an horizon of high organic matter accumulation. In 
general the upper part of the B contains a greater amount than the lower 
parts of this major horizon. Within the mineral portion of the profile it 
is evident that drainage affects the accumulation of these organic con- 
stituents in the B and it is highest in the best drained position which is the 
reverse of the relative organic accumulation taking place at the soil surface. 


TABLE 3.—REACTION, CATION EXCHANGE CAPACITY, EXCHANGEABLE CATIONS 
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FiGuRE 1. Comparison of per cent base saturation in profiles as a function of depth 


CHEMICAL PROPERTIES 


pH, Exchange Capacity, Exchangeable Cations, Base Saturation 

A consideration of the chemistry of these soils indicates that the 
weathering processes by which they developed have operated in an acid 
medium. The data in Table 3 indicate that in each one of the profiles there 


is a general increase in pH with increasing depth but that the C horizon is 
acid in all cases. 


The cation exchange capacity in the well drained soils is high in the 
surface organic horizon, drops to a relatively low figure in the mineral A; 
horizon, where present, and increases again in the B horizon. Since the 
clay content of these profiles is relatively low the high exchange capacity 


of the various horizons can be assumed to be due largely to soil organic 
matter. 


In all profiles exchangeable hydrogen and calcium dominate the 
exchange complex. The various horizons containing the largest amounts 
of these exchangeable cations are also those having the highest amounts 
of organic matter. The other bases appear to show a similar trend. 

The percentage base saturation of the various profiles is shown in 
Figure 1. In the three better drained profiles there is a marked lowering 
of base content in the B horizons as compared with the surface horizons 
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FicurE 2. Comparison of milliequivalents calcium in profiles as a function of 
depth on a volume basis 


and the parent materials. The importance of calcium as affecting the 
base status of these soils is shown in Figure 2. With the exception of 
Profile 4 the shapes of the curves are very similar to those of corresponding 
profiles in Figure 1. 

In Figure 3 the milliequivalents of exchangeable calcium in these 
profiles, expressed on the conventional weight basis, are included for com- 
parison. It is apparent from these curves that the values for calcium 
expressed on a volume basis compare more closely with the values for per 
cent base saturation. This suggests that the expression of plant nutrients 
on a volume basis may offer some interesting possibilities in studies of 
plant nutrition. The milliequivalents of exchangeable calcium per 100 
cubic centimetres in the Ao horizons of Profiles 1, 2 and 3 increase directly 
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FiGurRE 3. Comparison of milliequivalents calcium in profiles as a function of 
depth on a weight basis. 

with the milliequivalents of calcium per 100 cubic centimetres in the under- 
lying mineral horizons. Since these three profiles were all sampled under 
sugar maple trees, it appears that the base status of the mineral soil layers 
had a pronounced effect on the composition of the organic materials. 
Total Silica and Sesquioxides 

The total chemical composition of the horizons of the various profiles 
is presented in Table 4. 
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TABLE 4.—TOTAL CHEMICAL COMPOSITION OF THE PROFILES 
(PERCENTAGE BY WEIGHT) 
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An indication of the degree of podzolization can be observed by 
comparing the differences in silica and sesquioxide contents between the 
As, B, horizons and the C. 

The figures show that concentration of silica and losses of sesquioxides 
are very marked in the As horizons of well drained soils. The B horizons 
show a relative lowering of silica content and a concentration of sesqui- 
oxides, particularly alumina. The general trend of losses and concentra- 
tions is similar in all profiles. In the poorly drained positions the changes 
in chemical constituents are confined principally to the surface horizons. 

Iron oxide makes up a relatively small amount of the total sesquioxides 
occurring in these soils. The changes in this constituent are most marked 
in the As horizon where losses are evident. A concentration of iron is shown 
in the B horizon of Profile 2 but some of the complementary horizons in 
other profiles show that the content of iron is also less than that found in 
their respective C horizons. 

The content of bases occurring in the profiles of Podzol soils is con- 
sidered by some workers (4), (6), (7) to coincide to a certain extent with 
organic matter distribution. Although this tendency appears to hold for 
the exchangeable calcium, magnesium and potassium it is not evident for 
the total percentage of magnesium or potassium. The quantity of total 
calcium found in these soils is small and much lower than that of magnesium 
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TABLE 5.—NET CHANGES OF CONSTITUENTS IN THE PROFILES (GRAMS) 
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except in the organic horizons. The content of phosphorus is extremely 
low except in the organic horizons. It is slightly higher in the B horizons 
than in the A, or C horizons. 


ESTIMATED NET CHANGES IN THE PROFILES STUDIED 


The use of reference minerals as a means of evaluating net changes in 
soils brought about by soil development processes has been described by 
Marshall and Haseman (8). Although these investigators used zircon as 
the index mineral they pointed out that the coarser soil fractions might be 
useful as indicators in soil genesis studies. 

A similar method of calculation to that used by Marshall and Haseman 
was applied to these profiles in order to assess the formation and movement 
of materials except that total silica instead of zircon was used as the standard 
of reference. For the constituents studied it was necessary to assume that 
the SiO, contents of the mineral layers had not been altered by soil formation 
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and development and that the profiles had formed from material similar to 
that now regarded as the C horizon. These assumptions may not be 
entirely justified as mentioned later. 

The net changes for selected soil constituents on this basis are shown 
in Table 5. It was found that in the profiles studied the constituents 
having the greatest variability in the profile and indicative of the greatest 
changes during soil formation and development were organic matter, silt, 
clay and alumina. A net increase in organic matter had occurred in all 
horizons of all profiles except the A, of Profile 1. The greatest accumul- 
ation of organic matter was in the profile with the best drainage, the major 
portion of this increase being in the B horizons. Profiles 2 and 3 were 
similar in the organic matter content of their horizons, with increases in 
the B less marked than in Profile 1. The increase in organic content of 
Profile 4 was mainly in the Ap and A, horizons. 

Some large increases in silt had also taken place in each horizon of the 
various profiles. The net increase per solum seemed to bear no relation 
to position on the slope. In order to explain these increases it would be 
necessary to assume that some changes had taken place in the coarse 
fragments of these soils resulting in an increase in silt. Such alteration 
could readily be possible by physical weathering of the thinly bedded shales 
and slates from which the parent materials of these soils were derived by 
glacial action. This weathering of the coarser fragments is a source of 
additions to the 2-mm. fractions that were analysed and raises some doubt 
concerning the validity of the basic assumptions. 

The clay content of these soils showed a net decrease in all profiles 
except in Profile 4 where there was a net gain. The calculations thus 
indicate that in the better drained soils of this region clay destruction or 
eluviation may be more active than clay formation and illuviation. The 
net increases in Profile 4 may indicate more hydrolysis of minerals to form 
clays in the moister site, deposition of mobile products of weathering 
carried down from the upper portions of the slope, or original depositional 
differences in the materials. 

Calculations for the sesquioxides showed that a net increase in alumina 
had taken place in all horizons except the Ag, which showed a loss of all 
the elements studied. The increases in alumina may possibly be associated 
with organic matter accumulations. The gathering of alumina by the 
vegetation could have occurred from a volume greater than that assumed 
for the solum of each soil. The results also might be taken to indicate 
that the amount of aluminium in the roots may be higher than that in the 
leaves since all profiles possessed higher net increases in the subsoil than 


in the Ago or Ap horizons or that the illuvial fractions of organic matter are 


richer in alumina. Loss of silicate clays from the soils also cause small 
underestimations of the amount of materials originally present, based on 
the total SiO, content. Since the clay fractions contain relatively more 
alumina than the soil mass the figures for increases and losses of alumina 
are probably minimal figures. 

The changes in the weight of iron were less significant than in the 
case of aluminium. A very slight net gain was obtained in Profiles 1, 2 
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and 3 and a net loss in Profile 4. Although losses are indicated in the A, 
horizons of Profiles 1 and 2 there are also losses in other horizons of the 
other profiles. It would appear that there has been little net change in 
this constituent within the various profiles but they indicate different 
general trends in the well drained soils than in the hydromorphic soils of 
the area. 

Like iron the calcium, magnesium and potassium contents have 
changed by only small amounts in these sola. However, all profiles show 
a small gain in calcium; all but the hydromorphic soil show a net loss of 
magnesium and only the best drained profile (No. 1) shows a net loss in 
potassium. As suggested for aluminium and iron the vegetation might 
affect the distribution of these cations to different degrees relative to the 
leaching effect of percolating waters. 

The decrease in clay contents of these podzol profiles on loamy mate- 
rials, and the absence of textural B horizons in them, suggest that these 
soils may represent the true Podzols associated with the cooler temperate 
climates in North America, and that the podzol profiles with a textural B, 
(in addition to a humus-sesquioxide B), such as were studied by Cann (3), 
are Podzol-Gray Brown Podzolic Intergrades characteristic of the warmer 
southern edge of the podzol region. 

However, these are only tentative suggestions or working hypotheses. 
The loss of clays from the well drained soils, the possibility of depositional 
differences in Profile 4, the probable additions of finer materials from the 
weathering of the coarser shale fragments in the soils, the variable amounts 
of these coarser fragments in the parent tills, and the possibility that these 
profiles were not sampled deep enough to reach the unaltered parent till 
all suggest the need for testing these suggestions under more favourable 
circumstances and with more complete mineralogical analyses. 
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ABSTRACT 


Nitrification in Fox Sandy Loam was studied using the soil percolation 
technique. The formation of nitrate from ammonium sulphate was inhibited 
for about 20 days by 1.6 x 10- moles of thiourea/kgm. of soil, for 8 days 
by 1.6 x 10-? moles of ethyl urethane/kgm. of soil, for 25 and 17 days by 
2.1 x 10-* moles of manzate and zineb/kgm. of soil respectively, and for 
28 days by 3.5 x 10~* moles of ferbam/kgm. of soil. Thiourea and ethyl 
urethane were less effective inhibitors of the nitrification of ammonia added 
as ammonium carbonate, possibly because of the more alkaline pH in per- 
colates containing this salt. The four dithiocarbamate fungicides caused a 
lag in nitrification of 150 days when added to percolation units at a concen- 
tration of 2.1 x 1073 moles/kgm. of soil. 


The investigations indicated that treatment of soil with ferbam inhibited 
the nitrite-oxidizing bacteria as well as the ammonium-oxidizing organisms. 


INTRODUCTION 


Investigations (13) have shown that the soil percolation (or perfusion) 
technique is very useful in determining the effects of soil treatment on 
nitrification. Quastel and Scholefield (8) found that thiourea, ethyl urethane 
and certain other compounds inhibited the oxidation of NHy-N to NO;-N 
in percolated garden soil. In the case of ethyl urethane it was further 
shown that the nitrogenous portion of the inhibitor was eventually nitrified 
and that nitrification began only when organisms capable of breaking 
down the inhibitor had developed in the percolated soil. The lag in nitri- 
fication was, therefore, considered indicative of the stability of this inhibitor 
in the soil. 

At the time the present study was undertaken the Ontario Potato 
Scab Research Committee had expressed interest in reports (1) that ammonia 
in small quantities was toxic to the scab organism. With a view to the 
possibility of maintaining significant quantities of ammonia in potato 
soils by the use of nitrification inhibitors, some of the compounds reported 


on by Quastel and Scholefield (8) were tested by the perfusion method 
using a typical Ontario potato soil. 


As certain of the dithiocarbamate fungicides, structurally related to 
the nitrification inhibitors mentioned above have been successfully tested 
as soil amendments for the control of damping-off (15) and experimentally 
in potato scab control (5), the possibility of some additional activity 
through an effect on nitrification with subsequent build-up of NH,-N in 


the soil led us to test the effects of these fungicides as well on soil nitri- 
fication. 


‘Contribution from the Department of Microbiology, Ontario Agricultural College, Guelph, Ont. This 
investigation was part of the program of the Ontario Potato Scab Research Committee. 
* Present address: Research Station, Canada Department of Agriculture, Kentville, Nova Scotia. 
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Because the results of laboratory trials made concurrently with 
these studies indicated that NH,-N does not inhibit all strains of Strepto- 
myces scabies', it seemed that no consistent benefit could be expected from 
the inhibition of nitrification, so this approach to the control of potato 
scab was not pursued further. However, as the compounds tested are 
currently used against fungus diseases of various crops, the information 
obtained concerning the ability of these materials to inhibit nitrification 
and to modify the microbial population of soil is presented here. 


MATERIALS AND METHODS 


The materials studied as inhibitors of nitrification included: 
Ethyl urethane NH2CO.OC;H,; 
thiourea NH:.CS.N He 
ferbam* ferric dimethyldithiocarbamate 
ziram* zinc dimethyldithiocarbamate 
zineb* zinc ethylene bisdithiocarbamate 
manzate* manganese ethylene bisdithiocarbamate— 


Fifty-gram portions of the 25mm. crumb fraction of air-dried Fox 
Sandy Loam were placed in the column of the percolation apparatus 
described by Audus (2). The soil was percolated with 250 ml. of aqueous 
0.005M (NH4)eSO, or with 250 ml. of distilled water. Thiourea and ethyl 
urethane, at concentrations found effective by Quastel and Scholefield 
(8), were dissolved in the percolate but the dithiocarbamate fungicides, 
because of their low solubility, were incorporated into the soil before it 


was placed in the percolation apparatus. The fungicide levels approxi- 
mated those added to soil in scab control trials being carried out concur- 
rently in the greenhouse (5). 


The NO;-N content of the percolates was determined at intervals 
of 3 to 5 days by the phenoldisulphonic acid method outlined by Chase (3). 
Although this method detects NO.-N as well as NO;-N results were recorded 
as NO;-N since frequent spot tests consistently revealed not more than a 
trace of NO2-N in the percolates. 

Concentrations of NH,-N in the percolates were estimated in early 
studies by the nesslerization method (7) but in later investigations, involving 
the dithiocarbamate fungicides, a microaeration method (12) was employed. 

The pH of the soil and of the percolate was determined using a Beckman 
glass electrode meter. The paste method (10) was used in soil pH analyses. 

The amount of fungicide, or derivative, contained in soil was estimated 
by adaptation of a method outlined by Lowen (6). This procedure utilizes 
the quantitative determination of carbon disulphide evolved by acid 
hydrolysis of the dithiocarbamate radical. In our experiments the carbon 
disulphide was trapped in Viles’ reagent and measured colorimetrically 
at a wavelength of 430 My using a Coleman Junior Spectrophotometer. 


1Manuscript in preparation. 


*These materials were obtained in commercial fungicide preparations supplied by Naugatuck Chemicals 
Division of Dominion Rubber Company Limited and Canadian Industries Limited. 
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(1.6 x 10-3 moles per kgm. soil) on nitrification in Fox Sandy Loam perfused with 
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In some of the experiments described in this paper the numbers 
of fungi, of bacteria and of actinomycetes in percolated soils were estimated 
by the plating method. Using a mechanical shaker, dilutions were pre- 
pared from 10-gram amounts of soil from each unit and were plated in 
triplicate in rose bengal agar for counts of fungi (11), in Thornton’s agar 
for bacteria (14), and in Thornton’s agar containing 0.4 per cent sodium 
propionate for actinomycetes (4). From these dilutions, media were 
inoculated for counts of the nitrifying organisms by the most probable 
numbers technique. The media and methods have been described by 
Stevenson and Chase (13). 


RESULTS AND DISCUSSION 


The Effect of Thiourea and of Ethyl Urethane on Nitrification in Fox 
Sandy Loam 


As shown in Figure 1, both thiourea and ethyl urethane inhibited 
nitrification in Fox Sandy Loam. The length of time before nitrate began 
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to appear in the percolate depended on the source of NH,-N, probably 
because of the different effect of the two ammonium salts on the pH of 
the soil-percolate system. Thiourea extended the lag period preceding 
the appearance of NO;-N in the (NH4)2CO; percolate from 3 days in the 
control to about 18 days, and in the percolate containing (NH,4)oSO, from 
3 days in the control to about 24 days. The lag periods were shorter in the 
case of ethyl urethane and the difference between the two ammonium 
sources not as great. 


Quastel and Scholefield (8) showed that ethyl urethane prevented 
nitrification until the inhibitor itself was decomposed by the soil flora. 
The nitrogen released from ethyl urethane was then nitrified. In the 
present work analyses of percolates containing ethyl urethane showed that 
there was a marked increase in NH,-N just before nitrification commenced. 
The recovery of more NO;-N from the units containing urethane than from 
the control further supported the views of Quastel and Scholefield regarding 
the fate of ethyl urethane in soil. An increase in NH,-N concentration 
prior to the commencement of nitrification was noted also in percolates 
containing thiourea; however, these solutions attained such an acid pH that 
none of this additional NH.-N could be oxidized. The longer lag periods 
resulting from the use of (NH,)sSO,4 as the ammonium source suggests that 
the flora responsible for breakdown of the inhibitors was favoured by 
the more alkaline pH of (NH,4)2CQOs; solutions. 


The Effect of Four Dithiocarbamate Fungicides on Nitrification 


Four fungicides of the dithiocarbamate group, ferbam, ziram, zineb 
and manzate, were added to Fox Sandy Loam soil at concentrations of 
2.1 x 10-4 and 2.1 x 10-* moles/kgm. of air-dry soil. The percolate was 
0.005M (NH,)2SO;, and the treatments were in duplicate. Figure 2 illus- 
trates the effects of the lower concentration of the fungicides on nitrifica- 
tion during the first 41 days of percolation. The NO*-N contents of 
percolates of soils treated with the higher concentration of fungicides are 
listed in Table 1. 


TABLE 1.—EFFECTS OF FOUR FUNGICIDES ON NITRIFICATION IN FOX SANDY 
LOAM PERFUSED WITH 0.005M (NH4)2SO, 


Duration of percolation in days 
Fungicide treatment! —— - - 
(mgm./50 gm. soil) 1 47 | 


(ugm. of NO;-N per ml. of percolate) 


Control ( 0) | 91 105 121 


Ziram (31) 0 0 0 


Zineb (28) 0 


| 
| | 
Ferbam (42) 0 0 0 
| 
| 
| 


Manzate (27) 





12.1 x 10-* moles/kgm. air-dry soil 
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Ficure 2. Nitrate-nitrogen accumulation in percolates of Fox Sandy Loam 
treated with 2.1 x 10-4 moles of fungicide/kgm. of dry soil. (Percolates were 0.005M 
(NH4)2SOs4). 
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Oxidation of NHy-N to NO;-N was inhibited for 17 and 25 days by 
zineb and manzate respectively at the lower concentration. This con- 
centration of ferbam or ziram caused only a slight lag in nitrification. 
However, Table 1 shows that NO;-N was not detected before 150 days of 
percolation in units treated with the higher concentration of manzate 


or ziram, while ferbam and zineb both inhibited nitrification for up to 202 
days. 


In no case did nitrification commence until after the fungicides had 
been decomposed to the point at which CS, was no longer recoverable in 
appreciable quantities from the soil or soil percolate. Thus, in units per- 
fused for 98 days with no indication of nitrification, CS. could still be 
recovered in appreciable quantity while from those units in which NO;-N had 
begun to accumulate, CS, could be recovered only in trace amounts. Be- 
yond 75 days of percolation the concentrations of nitrogen (NO;-N plus 
NH,-N) in the percolates of soils treated with the lower concentration 
of fungicides exceeded, by an average of 12 p.p.m., the concentration of 
nitrogen in the percolates of untreated soils. As mentioned previously, 
the excess NO;-N recovered from the urethane treatment could have come 
from the urethane itself (8, 9); however, the excess nitrogen noted with 
the four fungicides was approximately ten times that which was added in 
the treatment, and thus the apparent increase must have come primarily 
through some indirect effect—possibly on the microbial population. 
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Although nitrification was completely inhibited by treatment with 
2.1 x 10-3 moles of active fungicide/kgm. of soil, appreciable concentrations 
of NH,-N remained in the percolates; 202 days after percolation was begun 
these concentrations ranged from 84 to 106 wgm. of NHy-N/ml. of percolate. 
The reactions of the percolates of these soils remained above pH 6.75. 
* During percolation NO.-N was not detected in the percolates and therefore 
it seemed evident that the ammonium-oxidizing micro-organisms were 
directly inhibited by the fungicide treatments. 


The Effects of Ferbam on Nitrification and on the Microflora of Percolated 
Soil 

Six groups of four percolation units were prepared using air-dried 
Fox Sandy Loam. Each replicate group included a unit containing soil 
treated with 3.5 x 10~* moles of active ferbam/kgm. of soil, a unit containing 
soil treated with 2.1 x 10~* moles of active ferbam/kgm. of soil, and two units 
in which the soil was untreated. One of the untreated soils was percolated 
with distilled water; the percolates in the other three units were 0.005M 
(NH,)2SO,;. One day after percolation was begun, and at approximately 
2-week intervals thereafter, groups of four units were dismantled and the 
soils and percolates were analysed. 

The results pertaining to nitrification, numbers of ammonium-oxidi- 
zing organisms (Nitrosomonas) and persistence of ferbam, or of CS.-evolving 
derivative, are presented in Figure 3. Percolation with water showed the 
soil to be capable of providing nitrogen for the production of only a few 
ugm. of NO;-N, apparently too little to cause Nitrosomonas to multiply. 
When (NH,4)2SO; was added, ammonia was rapidly converted to NO;-N 
and the organisms responded with a fivefold increase. Both concentrations 
of ferbam inhibited nitrification, the lower level apparently delaying 
nitrification and multiplication of Nitrosomonas until soon after the 28th 
day when the fungicide (or CS.-evolving derivative) was no longer detectable. 
With the higher fungicide level, CS, was detectable throughout the 70-day 
experiment, nitrification did not occur, and the population of ammonium- 
oxidizing organisms was, if anything, reduced during most of the experi- 
mental period. The absence of NO.-N from the percolates, before NO;-N 
appeared, indicated that Nitrosomonas was indeed inhibited by ferbam. 

The numbers of nitrite-oxidizing bacteria (not shown) were not 
affected by the lower concentration of ferbam but very low populations 
of these bacteria were counted throughout the experiment in soil treated 
with 2.1 x 10-* moles of ferbam/kgm. of soil. These counts were lower 


than counts of the nitrite-oxidizers in untreated soil percolated with water 
and, therefore, it was concluded that the reduced population of nitrite- 
oxidizing bacteria in soil treated with the high concentration of ferbam was 
due to direct toxicity of the compound or its decomposition products and 
not merely a result of the inactivity of the ammonium-oxidizing group. 


FicurE 3. The effect of two concentrations of ferbam on nitrification and on the 
numbers of ammonium-oxidizing organisms in percolated Fox Sandy Loam and the 
effect of duration of percolation on the amount of carbon disulphide recoverable from 
treated soil (5.47 ugm. of ferbam yields 1 gm. of carbon disulphide). 
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TABLE 2.—EFFECTS OF FERBAM ON POPULATIONS OF FUNGI, BACTERIA AND 
ACTINOMYCETES IN PERCOLATED FOX SANDY LOAM 


| Concentration of | Duration of percolation in days 
Percolate |ferbam (moles/kgm.|—————____—_____ - 


air-dry soil) RS Of OSS oe ae ee BE oe SS 


Fungi 
(thousands/gm. of oven-dried soil) 
65 


(NH,)-S¢ ds 96 


H.O a 28 | SO | 
| | 


(NH,)2SOx 
(NH;)2SO; 


Bacteria 
of oven-dried soil) 


H,0 Peg | *e rs 
(NH,):SO: | 
(NH,):SOx 
(NH,):SO. 


Actinomycetes 
(millions/gm. of oven-dried soil) 
H,0 5 4 | 3 3 
(NH,)2SO; } 4 3 


2 
3 


(NH4)2SOu 





(NH;)2SO,4 





The effect of ferbam on the general microbial population in perfused 
soil is presented in Table 2. The higher level of ferbam increased bacterial 
numbers in percolated soils and reduced numbers of fungi and actinomy- 
cetes. Differences in the counts of percolated soils otherwise treated were 
negligible. These results are in accord with counts made on potted Fox 
Sandy Loam which had been treated with similar concentrations of fungicide 
but without added nitrogen (5). 


Biological activities in soil are dependent to a large extent on the phy- 
sical and chemical characteristics of the soil under study. All of the results 
reported here were obtained using a light sandy soil of low base exchange 
capacity, low organic matter content and consequent low buffer capacity. 
These features are by no means common to all agricultural soils. A com- 
parison of our results with those of Quastel and Scholefield (8, 9) indicates 
that the flora of Fox Sandy Loam adapted more readily to the breakdown 
of thiourea and ethyl urethane than did that of the ‘Montreal garden soil” 
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used by these other workers. Presumably the rates of decomposition of 
ferbam and the other fungicides tested are also dependent to some extent 
on soil properties. There was no indication in our experiments of adaptation 
of the nitrifying population to the presence of any of the compounds tested, 
a point also noted by Quastel and Scholefield (8). Whether the lag in 
nitrification caused by these compounds is a true indication of their relative 
stability in soil is not known. The possibility that nitrification was prevented 
by a compound produced during decomposition has not been eliminated 
by these experiments. 
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THE OCCURRENCE OF CHLORITE AND VERMICULITE IN 
THE CLAY FRACTION OF THREE BRITISH COLUMBIA 
SOILS! 


A. A. TuHetsen, G. R. WeRSTER AND M. E. HArRWArpD? 


ABSTRACT 


The clay mineralogy of surface samples from three soils on Vancouver 
Island which had been used in fertility experiments was determined by 
X-ray diffraction. Chlorite was identified as the predominant mineral in all 
three soils. Vermiculite was present in discrete units in the Chemainus soil 
and interstratified with chlorite in the Fairbridge and Merville soils. Kaolinite 
may also have been a constituent; this could not be determined since the use 
of certain criteria, proposed in the past for the identification of kaolinite in 
the presence of chlorite, proved unsuccessful. It was concluded that no 
universal criterion, which holds true in all cases, exists for distinguishing 
kaolinite in the presence of chlorite. 


INTRODUCTION 


The importance of chlorite and vermiculite as constituents of the clay 
fraction of some soils has been receiving attention in recent years (5, 10, 
12). The general chemical composition of the two minerals has been 
established and is commonly accepted. Vermiculite has the general 
formula (Mg.Ca)x,2(Sis_x-Alx) (Mg.Fe)¢Qe(OH)s.yH.O; chlorite has the 
general formula (Si.Al)s(Mg.Al)¢Q20(OH),s.(Mg.Al)«(OH).2 (7). Substitu- 
tion of one cation for another is possible in both octahedral and tetrahedral 
layers in both minerals. However, different kinds of vermiculites and 
chlorites have been found to exist in geologic deposits as well as in soils. 
When one of these minerals occurs alone in a soil, the X-ray diffraction 
criteria for its identification may be involved and problematic. The 
difficulties of identification are greatly enhanced when these minerals 
occur together and particularly so when they occur in conjunction with 
kaolinite. Workers in the field of clay mineralogy have used various 
procedures for the separation of these minerals (2, 3, 5). One of the 
objectives of this paper is to report the results of attempts to use these 
criteria and to reiterate the difficulties and ambiguities which still exist 
in their identification. Furthermore, this paper may serve to bring the 
clay mineral composition of the soils in question, which have been used 
repeatedly in soil fertility studies, to the attention of soil scientists. 


MATERIALS AND METHODS 


Soil samples from the 0-6 inch depth were collected from three fertility 
experimental locations on Vancouver Island, British Columbia. One 
experiment was located on each of the Fairbridge, the Chemainus and the 
Merville soil series. 


This paper includes portions of a thesis submitted by G. R. Webster in partial fulfilment of the require- 
ments for the Doctor of Philosophy degree at Oregon State College. Technical Paper No. 1210, Oregon Agricul- 
tural Experiment Station. 

2 Junior Soil Scientist, Oregon Agricultural Experiment Station; former Graduate Student, Oregon State 
College, now Research Officer, Experimental Farm, Research Branch, Canada Department of Agriculture, 
Saanichton, British Columbia; Associate Soil Scientist, Oregon Agricultural Experiment Station, Corvallis, 
Oregon, respectively. 
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Ficure 1. X-ray diffraction patterns of oriented calcium saturated 2—0.2 y clay 
fractions. 


The Fairbridge series is post-glacial, of marine origin and has been 
classified as belonging to the Concretionary Brown soil group; Chemainus 
is a recent alluvial soil and belongs to the Alluvial soil group; Merville 
is a marine soil and belongs to the Acid Dark Brown Forest soil group (6). 

Exchange capacities were determined with neutral normal ammonium 
acetate. Exchangeable cations in the ammonium acetate leachate were 
determined using a flame spectrophotometer. Comparison of Ca and Mg 
determined by this method agreed very closely with the disodium di- 
hydrogen ethylenediaminetetraacetate (versenate) procedure (13). Organic 
matter was determined by the method of Walkley and Black (14). Iron 
oxides were removed from the soil samples prior to X-ray diffraction 
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TABLE 1.—SOME GENERAL CHEMICAL PROPERTIES (MEANS OF THREE OR FOUR REPS.) 
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analyses using the sodium hydrosulphite (dithionite) method B proposed 
by Mackenzie (11). Organic matter was removed by treating repeatedly 
with H,O.. The soil was separated into size fractions using the procedure 
outlined by Jackson et al. (8) and the 2-0.2 yw clay fraction was used for 
X-ray analysis. Samples of the clay fractions were calcium or potassium 
saturated and mounted on porous ceramic tile using a procedure introduced 
by Kinter and Diamond (9). X-ray diffraction analyses were carried out 
on these oriented specimens using a Norelco, Philips X-ray diffractometer 
equipped with a Geiger-Mueller Tube and a Brown Recorder. The 
radiation was Cu Ka. 


A few general chemical properties of these soils are presented in Table 1. 


RESULTS AND DISCUSSIONS 


The following series of well defined peaks were observed in the samples 
of the Ca saturated clay fractions of all three soils: 14.29 A, 7.16 A, 4.74 A, 
3.56 A, 3.35 A, and 2.84 A (Figure 1). With the exception of the 3.35 A 
peak, indicating the possible presence of quartz or a line due to the tile, 
the higher d spacings could be first, second, third, fourth and fifth order 
peaks of a 14 A mineral such as montmorillonite, chlorite or vermiculite. 
The 7.16 A and the 3.56 A d spacings could also be first and second order 
peaks of a7 A mineral such as kaolinite. In the Chemainus and Fairbridge 
diffraction patterns a very weak 10 A peak, belonging to an illitic material 
may, perhaps, be recognized. The intensity of that reflection is, however, 
too small to be used as a basis for a definite identification. 

Upon ethylene glycol solvation, none of the samples yielded a 17 A 
peak. Therefore, the possibility of montmorillonite as a constituent of 
the clay fractions was ruled out. However, a shift of the 14.29 A peaks to 
approximately 14.40 was observed in each case (Figure 2). The slight 
shift, if significant, cannot be explained on the basis of vermiculite since 
Barshad (1) observed a small closure of a Ca-vermiculite lattice upon 
glycerol solvation. However, a similar‘ phenomenon has apparently 
not been reported for soil clays. 

When the clays were K saturated (no solvation, no heat treatments) a 
distinct and sharp 10.27 A peak was observed in the Chemainus soil. 
Such a change was not observed in the case of the Merville and Fairbridge 
soils. This observation together with the results of the solvation treat- 
ment suggested the presence of discrete vermiculite in the Chemainus 
soil (1). 
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Heat treatment to 560° C. for 30 

minutes of the K_ saturated clay 

samples of Chemainus and Fairbridge 

gave an increased intensity of the 14 

A peak (Figure 3). A broad band of 

peaks ranging from 10.5 A to approxi- 

mately 14 A was observed in the case 

of the Fairbridge soil and a distinct 

sharp 10.27 A peak was observed in CHEMAINUS 

the Chemainus soil. The 7 A peak tull scale equivalent: 

and the 3.56 A peak were noted to 

disappear in both cases. The persist- 

ence of a 14 A peak following the 560° 

C. heat treatment was interpreted as 

indicative of chlorite. The increased 

intensity of the 14 A peak is believed 

to be due to a partial dehydration of 

the chlorite structure and is a gen- FAIRBRIDGE 

erally observed characteristic (3). The full scale equivolent 

appearance of a broad band of peaks 

ranging from approximately 10 A to 

approximately 14 A in the case of the 

Fairbridge was tentatively interpret- 

ed as a random interstratification of 

chlorite and vermiculite. The distinct 

sharp 10.27 A peak observed in the 

Chemainus was tentatively assigned | MERVILLE 

to discrete vermiculite. } full ecole equivalent 

80 cps 

The disappearance of the 7 A \ 

and the 3.5 A peaks is also frequently 

observed with chlorite. Since kaolin- 4 

ite, due to a decomposition of the 

tetrahedral silicate layers as a result 

of temperatures of this order, loses 

the first, second, etc. order peaks, it 

cannot be separated in this manner 

from chlorite. Therefore, in order to 

identify kaolinite in the presence of 

the 14 A chlorite, other criteria have 

to be relied on. Brindley (3) stated ce ee eae 

that chlorite generally may be soluble DEGREE 26 


in warm HCl, but minerals such as Figure 2. X-ray diffraction patterns 


— ie > , ,, > pe > Dutt 
kao Sa as sola r , of oriented ethylene glycol solvated 2 
iolinite are unaffected, with the 0.2 p clay fractions. 


exception of kaolin-type minerals 
such as amesite and certain forms of chamosite. Brindley further ae 
that while useful, the acid treatment is not an infallible method for dist 
tinguishing structures of these kinds. Brydon and Heystek (5), however, 
successfully used a hot HCI treatment to differentiate kaolinite from chlorite 
in dikeland soils of Nova Scotia. Brindley and Youell (4), by sufficiently 
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Ficure 3. X-ray diffraction patterns of oriented potassium saturated plus heat 
treated (560° C. for 30 minutes) 2—0.2 y clay fractions. 


leaching a chlorite (penninite) with hot HCI, reduced the mineral to an 
X-ray amorphous state. In an attempt to apply the HCI criterion, a 
sample of the Ca-clay of the Merville soil was leached with 750 ml. of hot 
0.1 N HCl over a period of an hour and subsequently X-rayed. No change 
in the d spacings as compared to unleached samples was noted. Since 
chlorite was demonstrated conclusively by the increased intensity of the 
14 A peak following heat treatment to 560° C. but did not dissolve in hot 
HCl, it was concluded that the acid treatment, although useful in some 
instances, is not a universal criterion for the distinction of chlorite fron 
kaolinite. Klages and White (10) have observed a chlorite-like material 
in Indiana soils while Rich and Obenshain (12) have observed an AI- 
vermiculite with properties similar to chlorite. These authors point out 
that these materials do not seem to respond to the general type of criteria 
used in the identification of either one of these clays. The occurrence of 
different kinds of chlorites has also been recognized by many other in- 
vestigators. In view of the success of HCI treatments by Brindley and 
Youell (4) and by Brydon and Heystek (5) and the failure of HCI treat- 
ments in this study, it would seem that these different kinds of chlorites 
might have different solubilities with respect to HCl. 
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Another criterion for the distinc- 
tion of the two minerals was proposed 
by Bradley (2) who stated that 
mechanical mixtures of kaolinite and 
chlorite are identifiable either by nat- 
ural resolution or by heat treatments 
chosen to induce resolution. Resolu- 
tion, either natural or heat-induced, 
could not be observed in the soils of 
this study. It should be mentioned, 
however, that Bradley’s statement 
refers to mechanical mixtures having 
sharper and well defined peaks, a 
fact only rarely observed toa similar 
degree in soils. Also after a 575°C. CHEMAINUS 
heat treatment, where Bradley still full scale equivale: 
showed a clear but weaker induced res- reese 
olution, lines of either soil or standard 
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tion of some clay mineral species 
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the differentiation of a kaolinite min- 
eral in the presence of chlorite and ver- 
miculite-like materials. 
In order to obtain more informa- MERVILLE 
tion on the occurrence of vermiculite oo 
in the three soils, particularly in the 
Merville and Fairbridge soils, the clay 
fractions were heated to 700° C. for 
3 hours (Figure 4). This treatment 
may collapse the vermiculite lattice 
to a basic talc line of 9.3 A. At this 
temperature chlorite tends to break me 


down and to recrystallize into olivine; DEGREE om 2 


FicureE 4. X-ray diffraction patterns 
ever, are only obtained at still higher — of oriented potassium saturated plus heat 


temperatures (3). The pattern ob- ee EE ee 
tained from the Chemainus clay frac- 

tion after this treatment showed a relatively weak 13.63 A peak as compared 
to the 14 A chlorite peak observed after the 560° C. treatment. A weaker 
but well defined 10.18 A peak was also observed and attributed to vermicu- 
lite although the basic talc line of 9.3 A was not reached. In view of the 
fact that the clay was K saturated, the latter spacing cannot be reached 


characteristic olivine patterns, how- 
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under the experimental conditions of this investigation. If the dehydra- 
tion is complete and irreversible after the 700°C. heat treatment, the 
size of the K ion is such that a complete collapse of the lattice to 9.3 A is 
not possible and a 10.1 A spacing is obtained (3). The 10.1 A spacing 
compares well with the observed 10.18 A spacing. The patterns obtained 
from the Fairbridge and Merville clay fractions revealed a chlorite peak 
at 13.8 A and a series of peaks ranging from 10.27 A to approximately 
12 A which was attributed to a random interstratification of chlorite and 
vermiculite. 

The K saturated plus heat treated (560° C. for 30 minutes) sample of 
the Merville soil was not examined. However, the pattern of the Ca 
saturated sample and the pattern of the K saturated plus heat treated 
(700° C. for 30 minutes) sample described above, supplied enough evidence 
to warrant the conclusion that the composition of the clay fraction of the 
Merville soil was qualitatively essentially the same as that of the Fairbridge 
soil. 


CONCLUSIONS 


Chlorite was identified in all three soils (Chemainus, Fairbridge and 
Merville). Vermiculite was present in discrete units in the clay fraction 
of the Chemainus soil and randomly interstratified with chlorite in the 
Fairbridge and Merville clay fractions. Kaolinite may have been present 
in all three soils but, with X-ray diffraction criteria alone, it could not be 
positively identified. None of the proposed criteria for the distinction 
of kaolinite in the presence of chlorite was found to be applicable to these 
soils. It was concluded that, because of a variety of chlorite-like materials 
in soils, no universal diagnostic criterion exists for distinguishing kaolinite 
in the presence of chlorite in all cases. 


Based upon comparisons of intensities in counts per second, which 
admittedly do not account for crystal imperfections, differential adsorption 
and degree of orientation, chlorite is by far the most important mineral 
quantitatively in these surface soils. Chemainus and Fairbridge contained 
the most chlorite and Merville contained the least of the three soils 
compared. 
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NOTE ON THE AGGREGATE-SIZE DISTRIBUTION AND 
AGGREGATE STABILITY IN HALDIMAND CLAY 
TREATED WITH FOUR SOIL ADDITIVES 


The aggregate-size distribution and the water stability of sized aggre- 
gates were determined on a Haldimand clay soil that had been treated 
with hydrolyzed polyacrylonitrile' (HPAN), modified vinyl acetate maleic 
acid' (VAMA), and two organic additives, Lionex and Lical?, treated 
waste products from a paper company. 

The synthetic polymers and organic additives were applied in 1952 at 
rates of 2000 and 1875 pounds per acre respectively. The four treatments 
and a check were replicated three times and, except in 1955 and 1956 when 
poor stands were disked under, the plots were cropped with corn from 1952 
to 1958 inclusive. The plots were not ploughed during the experiment, 
corn residues were disked under in the fall, and all plots received the same 
commercial fertilizer each year. 

For determining aggregate-size distribution, two 50-gm. + 10 gm. 
sub-samples were obtained by quartering, and wet-sieved by the Yoder 
method (2) using screens with openings slightly less than 5.0, 2.0, 1.0, 0.5, 
and 0.25 mm. The size distribution data were expressed as a cumulative 
percentage of size classes >0.25 mm. For the aggregate stability tests 
two 25-gm. sub-samples of sized aggregates, 2 to 5 mm., were wet-sieved 
as previously indicated and the data presented as the percentage >0.25 mm. 

Statistical analyses were made of aggregate-size distribution data for 
1953 and 1957 and for aggregate stability data for 1957 when all replicates 
were sampled; for the other years the same replicate was sampled each year. 


A geregate-Size Distribution 


The synthetic polymers, when properly applied on the Haldimand 
soil, have stabilized initially a soil structure characterized by a large 
percentage of the soil occurring as aggregates >0.25 mm(1). The results 
from the project reported herewith indicate that the initial level of aggrega- 
tion in 1952 was not maintained into the second year, and that, at the 
close of the experiment 6 years later, the differences in aggregation on the 
polymer-treated and untreated plots were not significant (Table 1). 


1Supplied by Monsanto Canada, Ltd., Toronto, Ont. 
2Supplied by Ontario Pulp & Paper Co., Ltd., Thorold, Ont. 


TABLE 1.—EFFECT OF HPAN, VAMA, LIONEX, AND LICAL ON SOIL AGGREGATION 
(PER CENT >0.25 MM.) OF HALDIMAND CLAY DURING A 6-YEAR PERIOD 


Treatment | 1952 1953 | 1954 1955 | 1956 1957 


HPAN 73.2 48 .0* 29 41.0 40.9 44.0 


VAMA 8 56.5** | 43.8 | 44.9 | 45.4 


Check 50.6 33.6 39 34.9 42.5 | 37.8 


Lionex 56.0 62 | 44.5 |  §2.4* 
Lical 56.0 45 | 39.0 


*Significant at 5 per cent level 
**Significant at 1 per cent level 
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TABLE 2.—EFFECT OF HPAN, VAMA, LIONEX, AND LICAL ON THE STABILITY (PER CENT 
>0.25 MM.) OF SIZED AGGREGATES, 2 TO 5 MM. of HALDIMAND CLAY 
DURING A 4-YEAR PERIOD 


lreatment 1955 
Check er 

HPAN 

VAMA 

Lionex 


Lical 








In 1953 differences between either the Lionex- or Lical-treated plots 
and the check were not significant. The same was true of the Lical plot 
in 1957 although in that year aggregation in the Lionex plot was signif- 
icantly better than in the check. 

Aggregate Stability 

The stability of sized aggregates is an indication of the resistance of 
the aggregates to mechanical breakdown by the action of water. A 
desirable soil structure is characterized by a relatively large percentage 
of water-stable aggregates in the larger size classes, 0.5 mm., and by aggre- 
gates that are resistant to mechanical breakdown. In 1957 differences in 
aggregate stability were not significant (Table 2). 
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